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INTRODUCTION
The hill lands of Gt. Britain occupying one third of the agri¬
cultural acreage produce only about 4$ of the total agricultural
output. This same area however produces some 30$ of the sheep and
sheep products of the country. (Davidson & Wibberley, 1956)
The key therefore to the economic stability of agriculture in
the hills is the hill sheep, for although an increasing number of
cattle are being kept, it is difficult in many areas to overcome
the problem of Winter keep.
The hill environment i3 considerably more adverse than that
of the lowland and the hill ewe is required to survive the winter on
an insufficient diet while satisfying the demands of the foetus at a
most critical period of development. (Wallace, 1948) For these
reasons the hill ewe has been the subject of various investigations
based mainly on supplementation of the meagre winter diet.
The basic problem however is the interrelation between the sheep
and its pasture. Ewes kept on virtually unrestricted hill grazings
are able to exercise considerable choice both of the plant communi¬
ties and species grazed. Under such conditions the factors that
determine the distribution of the ewes over the hill are of consid¬
erable importance in determining the environment of the individual
ewe. Social and flock behaviour is more evident under the low
stocking rates encountered and the conditions may therefore be de¬
scribed as semi-natural. It is with this aspect of hill sheep
production that the present thesis is mainly concerned.
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THE SCOPE AND NATURE OF THE WORK.
The diversity of the hill sward, which provides the nutrient
requirements of the sheep, imposes on them a diversity of nutritional
levels and is therefore likely to be one of the most important en¬
vironmental factors influencing productivity.
The plant communities which make up the hill sward differ in
species, seasonal productivity and in nutritive value but the most
important feature is the extent to which sheep graze them. Boulet
(1939). Hunter (1954) and Hughes (1999) have all shown that various
plant communities are grazed with a characteristic intensity depend¬
ing on location, season and species composition and this must there¬
fore have a profound effect on the nutritional level of the sheep.
These workers however considered the grazing pattern of all the sheep
on the area in question and the logical extension of this work is to
determine whether each sheep grazing the 'heft' grazes and uses the
area allocated to the whole flock or whether each ewe has an indi¬
vidual gra,zing territory or home range. This aspect of flock
grazing behaviour has been investigated.
In conjunction with the above investigation, data have been
collected on two other features of hill sheep behaviour viz the
effect of shepherding on the distribution of the sheep and the dis¬
tance travelled by them in their daily movements within the pasture.
The problem of the nutritional level of hill sheep and the
availability of nutrients in the herbage consumed is one of the most
important in hill sheep farming and one of the most difficult to
investigate. Two approaches are possible, a study of the hill
pasture itself by various cutting and sampling techniques, and more
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accurately, by the estimation of intake and digestibility using the
grazing sheep in conjunction with housed animals. The latter
approach using faecal index methods to determine digestibilities
is the method most likely to succeed but is very difficult to adapt
to hill conditions and in view of the lack of time and facilities
could not be attempted by the writer. An attempt was however made
to obtain some idea of the amount of dead grass consumed by the hill
ewe in winter either deliberately to keep up dry matter intake or
accidentally when grazing communities containing large amounts of
dead grass.
Any variation in the grazing territory of individual families
of sheep should provide a comparable variation in the nutritional
status of these families, and an attempt was therefore made to
investigate the extent of this variation by various methods of
pasture sampling and analysis. Such methods of sampling can be
criticised on the grounds that the sample obtained does not resemble
the sample normally selected by the sheep. These criticisms are
less important on hill pastures in winter however where the possi¬
bilities of selection is considerably less than on lowland swards.
It is possible therefore to define the limits within which the diet
can lie and in this way make a useful statement on its value. In
conjunction with this, phenological data have been collected in
order to determine the availability and possible digestibility of
the hill herbage. This type of information, together with studies
made of the individual grazing preferences and grazing method pro¬
vides useful if somewhat uncritical data on the effect of hill
pasture heterogeneity on the performance of the animals.
4.
It is suggested that the hill sward and the grazing sheep,
are intimately connected and cannot he considered separately.
The basic heterogeneity and diversity of the sward imposes a sim¬
ilar diversity on sheep grazing behaviour and nutritional level
which becomes critical in winter. These factors are closely
connected with the breeding and management of hill sheep and for
this reason are considered in this thesis.
The thesis is divided into four chapters each of which is
self contained and has its own introduction and review of litera¬
ture where appropriate. The general introduction commences on




The data and observations contained in this thesis were
collected at Sourhope, a hill farm managed by the Hill Farming
Research Organisation. The farm which lies on the western slopes
of the Cheviot hills in south-east Scotland consists of two farms,
Sourhope itself and a small farm Auchope. Together these provide
some 2,750 acres of hill rising from an altitude of 600 ft. to
Just under 2,000 ft. The hill vegetation consists mainly of
grass dominated communities and is therefore known as a "white
hill" (one possessing little heather). The sheep stock of the
farm consists of two breeds, the Cheviot (both North and South
country strains) and the Scottish Black face. The total sheep
numbers of 1,450 ewes and 377 ewe hogs are carried at an overall
stocking rate of 2.0 acres per
GEOLOGY AND TOPOGRAPHY
The greater part of the Cheviots consist of a basal platform
of Silurian shales and grey wackes overlain by moderately acidic
andesitic lavas. The higher hills are formed however from intru¬
sive granite. Sourhope lies within the Andesite area but fairly
close to the granite boundary on the north. The whole area was
glaciated by ice from the west and consequently the topography is
that of a typical glaciated region, namely, rounded hilUs with
convex steep upper slopes.
The farm is divided into five main areas possessing natural
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boundaries each of which is known as a hirsel and is fenced. A
hirsel would normally be shepherded by one man. Each hirsel is
subdivided into one or more hefts as shown in Map 1, page 18.
A 'heft1 is the term used for a group of sheep which habit¬
ually graze within the confines of a particular area of hill ground
and which are normally self replenishing. It is also used to
describe the area of ground itself. In order to prevent confusion
the term will be used in this thesis for the area of hill ground
and the group of sheep grazing it will be called the flock.
The Table one comprising records for the years 1951 -
19bV summarises the main features of the climate at Sourhope.
Table 1. Annual rainfall (inches) and sunshine (hours)
CLIMATE
at Sourhope (1951-1960) inclusive



























The records above run from November to October inclusive in
order to fit in with the main livestock year. These records
show that Sourhope is in a low rainfall area with high levels of
sunshine. The early spring is consistently dry and sunny and the
bulk of the precipitation falls in the winter months. Frosts of
considerable severity also occur at this period.
More detailed data for the period August 1958 - September
1960, the period of study, are given in appendix 1.
MANAGEMENT
The basic management unit at Sourhope is the self replenishing
group of ewes known as the "heft" (called the flock in this thesis).
Normally about 25$ of the ewes are replaced by ewe hoggs bred
on the heft in question each year, either because of death or
culling (7$) or more commonly because they have reached 'casting'
or drafting age (21-22$).
All sheep are kept continuously on the hill to which they
are hefted and ewe hoggs are not wintered away. Both tupping
and lambing take place on the appropriate heft and the ewe hoggs
are normally prevented from breeding by a square of hessian cover¬
ing the tail and vulva. Lambing normally occurs in April and May
and the lambing percentage is approx. 85-95$ depending on food
supply, weather and the particular heft concerned.
Shepherding
Although the term shepherding includes all the many imTinr+.0»+
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tasks which must he done on the hill with the sheep, in the Borders
a method believed to improve utilisation of the hill has been
evolved, which ia known as 'herding'. Traditional Border 'herding'
is based on the idea that sheep require to be moved around the heft
to utilise effectively the various communities. It demands that
the shepherd or an assistant be on the hill twice per day and at
certain times of the year more often. As it has been of so much




















1 ) Before lambing better qualify'
2) During lambing communities.
3) During the early /
part of the lambs s
growth.
4) Just before tupping.
It is considered necessary to move the sheep uphill in the
autumn and mild days in the winter in order to prevent over-grazing
and soiling of the lower slopes to which the ewes may be confined
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for long periods during storm conditions. It is equally vital to
prevent sheep being stormbound on the higher slopes during such
conditions, to which end the sheep are moved down at the first sign
of approaching storm.
Another important feature of Border "herding" is the attempt
to utilise the hill to the full by concentrating the sheep on
unpalatable areas of the hill, which would normally be under-grazed
and in consequence rank and coarse. It is hoped to render these
areas more palatable by this concentration of stock which removes
excess growth. The ewes are moved on to this type of community
when the nutritional needs of the ewes are lowest, i.e. between
lambing and tupping and for the first few months of pregnancy.
The more productive communities are reserved for the more critical
periods such as the end of pregnancy, parturition and lamb rearing
and lactation. At certain times of the year, it is considered
necessary to exercise the ewe to prevent the accumulation of fat
reserves, which are said to reduce conception, fertility and ease
of lambing.
It will be seen that many factors must influence the shepherd
in his "herding" policy and for this reason no hard and fast rules
can apply. The shepherding policy of the heft concerned in the
family grazing investigation will be described in more detail later
and it will be seen that it departs from the procedure above. The
present shepherding of the Gairs heft however is typical of that
practised throughout a great deal of the Cheviot hills at the
present time. Because of economic changes, few shepherds are willing
to work the long hours involved with traditional "herding" and it
has been necessary to modify it.
10.
Very little information is available on the necessity or
desirability of "herding" twiee per day and no statement can be





The investigation of home range behaviour in hill sheep, in
particular the family relationship and ita effect on
home range.
Introduction.
Boulet (1939). Hunter (1954) and Hughes (1958) have all in¬
vestigated by various methods the distribution of hill sheep grazing
on unrestricted hill swards. They have also discussed the non-
randomness of this distribution and its implications. More
recently Hunter (1960) has given an indication of the existence
of territorial or home range beho,viour and in view of its import¬
ance to genetic and nutrition studies of sheep on free range grazing,
it was decided to investigate this more fully.
It was considered possible that the territory of an individual
may be 'passed on' to its offspring which will result in small
family groups grazing different areas of the hill and consequently
this was the main object of the observations. Data were also
collected on the distances walked by individuals at various times
of the year. In addition data were obtained on the effect of
herding on the behaviour of individual ewes of different families.
12.
REVIEW OF LITERATURE
The consideration of the sheep/hill pasture complex has been
little studied, although the interrelation of these two is extremely
important•
Boulet (1939) investigated many aspects of the grazing of a
hill area in Wales. He showed that each plant community was grazed
at a characteristic intensity and used the term Comparative Crazing
Intensity (O.G.I.) to describe this intensity. The C.G.I, is
defined as the number of grazing sheep per unit area of the sward.
Hunter (1954) used the concept of Comparative Grazing Intensity
and investigated the seasonal variation in grazing intensity on the
various plant communities on an area of hill in Southern Scotland.
Hughes & Davies (1958) have correlated the number of grazing
animals per unit area on different sheep walks with climate, vege¬
tation and soil type and have shown the greatest number of stock
per unit area occur on Agrostis- Festuca grassland.
Attwood & Hunter (1957) have developed an instrument for
quickly recording the position of a sheep on an area of hill. This
instrument requires modification depending on the distance, slope
and topography of the observed area. The instrument described in
the above paper however was designed for the Gairs heft at Sourhope
and is the instrument used for the observations in Chapter 1.
Hunter (1960) reports the possible existence of home range
behaviour in hill sheep and gives information on six marked sheep
none of which grazed the whole heft available to them. Each ewe
restricted itself to about 150 acres of the 250 acres possible and
the areas grazed did not coincide with each other nor with the
13.
general distribution of all sheep on the heft.
Although home range behaviour in sheep has not been reported
in detail, several authors have referred to the relationship
between sheep and deer also the social structure in wild feral
members of the Artiodactyla.
Wormell (1960) has reported that'competition'occurs between
deer and sheep on the island of Rhum. The numbers of sheep have
been drastically reduced and the red deer (Cervus elephus) have
moved down on to the lower slopes. This could be a direct result
of lower grazing intensity or possibly a reduction in the amount
of disturbance due to reduced shepherding.
Fraser-Darling (1936) has shown that the red deer has a social
organisation based on the existence of small family groups of hinds.
These groups include yearlings, two year old and older hinds all
probably descendants of the oldest hind which normally acts as the
leader of the group. Each group of hinds belongs to a definite
territory which is said to be •somewhat* restricted and which
overlaps to some extent the territory of other groups of hinds.
Palmer (1926) states that reindeer graze in large herds and
show little individual territorial or home range behaviour.
Packhard (1946) & Spencer Clifford (1943) indicate a similar
lack of territoriality in Bighorn sheep in the Rockies.
Feral goats occur in many parts of the country and although
■att (1937). Chapman (1889) & Russel Goddard (1955) have all studied
them, little definite information is available on their home range
or territoriality. They are said to occur on drier ground and
graze in family parties of six or eight animals of both sexes.
Morton Boyd (1960) has studied the behaviour of Soay sheep
14.
on St. Kilda and considers that these primitive sheep show a dis¬
tinct home range behaviour. The size of the home range is not
known accurately but is believed to be influenced by the potential
feeding value of the plant communities within it. The males
normally form seperate parties except in the breeding season and the
social structure is matriarchal.
Allee (1931) (1938) & Lorenz (1931) have shown that differences
in aggressiveness has an effect on social organisation in mammals
and birds. An individual learns by experience which of its com¬
panions are stronger and must be avoided and which are weaker. In
this way a 'peck order' originates in which each animal 'knows its
place'.
Burt (1943) & (1949) discusses the existence of both territorial
and home range behaviour in mammals. It is stressed that the terms
territory and home range are not synonymous and they are defined
as follows. Home range is the area over which the animal normally
travels in search of food whereas as territory is that part of the
home range which is defended against intrusion by members of the
same species.
In view of the fact that hill sheep have not been observed
to defend the area of ground over which they graze, the term 'home
range' has been used in this thesis.
Wallace (1948) has shown that the nutritional status of the




The heft chosen for this work was that studied by Hunter (1960)
in connection with the investigation of the comparative grazing
intensity on various communities, the present study being an exten¬
sion of that work.
The Gairs was the heft chosen for this particular investigation
as it is an easily observed hill with very little dead ground when
viewed from the Passet heft opposite, where the observation hut was
situated (see Map 1, page 18). The heft is grazed only by Cheviot
sheep.
Acreage & Altitude.
The Gairs covers an area of approximately 250 acres and is
950 yds. wide at its lowest point roughly tapering to 400 yds. at
its highest and narrowest point some 1,500 yds. distant.
The lowest point of the heft is in the S.W. corner at about
850 ft. O.D. and the whole of the lower half of the heft is between
this and 1,000 ft. O.D. with a gentle rise before the summit of
the experimental area is reached at 1,750 ft. O.D. (see map 2,
page 19).
Topography & Aspect.
The heft has a westerly aspect and therefore does not receive
any sun until late in the morning. It is however sheltered to
some extent from the east winds. North-easterly winds affect the
sheep by driving them from North to South to seek shelter.
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The heft is divided "by the Rowantree Burn into two areas with
somewhat different vegetation cover. These areas are known as
the Gairs and the Dod Hill, These main features are shown on
Map 2. Most of the sheep handling, marking etc. takes place at
the sheep-folds marked and the field is normally used for lambing
etc. and hay making. Sheep do not normally have free access to
the field.
Vegetation.
The vegetation of the heft shows considerable diversity as do
many hefts in this area and therefore must be considered in more
detail. The Gairs and Bod having different vegetation are best
considered separately.
Gairs.
This may be considered to be nutritionally inferior as by far
the larger part of the area consists of a community in which the
dominant species are Molinia caerulea, Nardus stricta, Juncus
squarrosus and Calluna vulgaris. Molinia caerulea is deciduous
and cannot contribute to the diet of the sheep during the critical
winter period. High up on the Gairs there is a small patch of a
Calluna vulgaris dominated community which may be a useful winter
food. (Thomas (1934)). A similar type of community, in which the
heather is associated with Juncus squarrosus and Molinia caerulea
occurs on the eastern side of the Gairs and this again can be a
useful winter source of food for the sheep. The community of least
agricultural use on the heft occurs on this side of the burn and
contributes little to the general productivity. This is the
17.
community in which Rardus stricta is the dominant species. The
community occurs on the Dod Hill also, where for reasons explained
later, it is considerably less grazed. Areas of very useful pro¬
ductivity occur to some extent on the Gairs, although they are much
less important here than on the Dod.
Dod Hill.
This includes all the lower and southern portion of the heft
and is nutritionally superior, A great proportion of this half
of the heft consists of the two most productive communities, those
dominated by Agrostis tenuis-Festuca ovina (Agrostis-Festuca grass¬
land) and those in which bracken (Pteridium aquilinum) has invaded
Agrostis-Festuca grassland. The valley of the Rowantree burn
which divides the Gairs and the Dod consists mainly of Pteridium
aquilinum dominant communities, although in its upper half it has
a rather complex vegetational pattern.
The chief vegetation types and their distribution are shown
on Map 3» page 20 and their most important characteristics given
in Table 2, page 21 • Specimen species lists of the most important
vegetational types are given in Appendix 2.
Map I




























The main plant communities of the Cairo heft, their percentage













































































































The recent history is relevant to this study as it is possible
that it will have had some effect on the present distribution of
animals over the heft.
In 1949 a completely new sheep stock, comprising all age groups
in the correct proportions was introduced to the Southside hirsel
within which the Gairs heft is located. The three hefts comprising
the hirsel were not fenced and for this reason a certain amount of
intermingling took place. For example the ground around the
present Fasset/Gairs/Rigg boundary was common to all three hefts
and the Gairs and Rigg heft extended further at this western end.
In 1951 the Fasset fence was erected in its present position
and ewe Tbtmbers adjusted accordingly. This appeared to cause
cobalt deficiency (pine) on the Rigg and Gairs and between 1953 and
1955 one third of the sheep stock were lost.
In October 1955 the fence between the Rigg and Gairs was
erected along the centre of the Dod Hill. This was considered a
natural dividing line and for this reason few sheep were.caught on
the •wrong* side of the fence. The present Gairs heft is therefore
the natural home range of the foundation stock of ewes placed there
in 1949 and the pattern of distribution has developed since this.
Present shepherding policy
The basic -pattern of herding has been described under manage¬
ment (p.7)» with the limitations mentioned there. From personal
observation and consultation with the shepherd concerned, the
23.
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This is a record of the herding carried out by the shepherd during
the year of study.
The sheep were weighed from time to time and gathered for
this and other purposes. This took place regularly throughout
the year and is unlikely to seriously affect the distribution of
the sheep. To assist in recording the position of the ewes con¬
cerned, no herding took place on the day of recording unless it
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was necessary i.e. during lambing or tupping. On some occasions
it was desired to observe the effect of disturbance and the sheep
were therefore herded in the normal way and a record taken of the
activity.
The relationships of the observed sheep.
By consulting the flock records kept at Sourhope since 1932
it was possible to select families of related ewes for the investi¬
gation. In order to reduce observation time, only families of
three or more ewes were selected, although three families studied
by Hunter (1960) were included which consisted of a pair of related
ewes.
The families consist of a foundation ewe together with daughters
and grand-daughters of these ewes. No information wqs available
on the sires of the observed ewes and relationships are based there¬
fore only on the female side, matrilinearly.
The families obtained, their year of birth and ear numbers
are given in Table 4, page 25.
Marking of the selected families and individuals.
The sheep were marked with Bradford Sheep Marking fluid, which
proved quite satisfactory and weatherproof, although no doubt any
of the proprietary compounds would be equally efficient. The
yellow 'bloom1 dip commonly used for the treatment of show sheep
was also employed and proved highly satisfactory. With suitable
dilution this dye provided a range of colours from orange to yellow,
of considerable permanence. Several of the Marking fluid colours
25.












































Died after 5 months
863 (bom 1958)
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proved difficult to distinguish at the range involved (from 300 -
2,000 yds.) for example green blue and black. A method was finally
adopted using only red and black marking fluid and the yellow dip.
This precluded the use of a colour code for one family and a master
sheet was used. Once this had been used several times no diffi¬
culty was experienced in quickly translating a particular marking to
a ewe number.
Easily distinguishable letters such as T, 0 and W were painted
on both of the animal's sides and on the rump. With a supple¬
mentary telescope of x30 magnification it proved possible to dis¬
tinguish these letters on most occasions, although in bright sunlight
and early mist in the morning, reading the letters was impossible.
Identification was difficult with reclining sheep although in most
cases if an animal was kept under observation it generally moved
sufficiently for identification to be made.
Observation of the marked individuals.
The recording of the position of marked individuals and of
the position of all the sheep within the heft, was carried out on
one day per week throughout the experimental period. (9th September
1959 - 16th August 1960). Each day's observations ran from dawn
to dusk at two hourly intervals for the first ten weeks, changing
to hourly intervals later. Observations were made, whether the
sheep were grazing or not. The observations were made using the
instrument devised by Attwood & Hunter (1957) and the methods and
grids were those described by them.
The sheep locations were transferred from the paper sheets
used on the machine to a master sheet using a transparent sheet
gridded in rectangles representing 100 x 200 ft. on the ground.
The totals of four such grids representing 400 x 200 ft. were added
together in order to simplify extraction of the data.
RESULTS
The results for the ten families are given in Diagrams number
2-10 commencing on page 28, each dot representing one ewe location.
The distribution of the entire flock of sheep on the heft is
shown in Diagram No. 11, page 37, and a simplified vegetation map
obtained by recording the main vegetation type in each 400 x 200 ft.
rectangle is given in Diagram No. 12, page 37.
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Each dot represents 100 ewe-
observations ,vliere less than
100 the square is left blank.
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Family 'A*
Ewe No. 543 occurs in 53 squares and No. 896 in 48 squares.
This comprises 39.8$ and 36.1$ of the total area available for
grazing or resting. These two ewes possess to a marked degree a
similar home range with a concentration of occurrences in the same
area of that range.
Family 'B'
The home range of this family is somewhat larger, consisting
in the case of ewe No. 548 of 45.9$ of the total available area and
in the case of No. 856, 47.4$ of the total available area. It is
a good deal more central than that of family *A* with no area of
greater density, however ewe No. 856 does have a region of preference
centred around the field, with its Pteridium aquilinum and Agrostis-
Festuca communities. The territories are coincident although less
so than family 'A*.
Family «C'
This family has a high degree of aggregation in a rather re¬
stricted range. They offer a contrast to family 'A' as the home
range is on the Dod hill with a few occurrences on the Gairs. Ewe
No. 115 occurs in 35.4$ of the available area while No. 845 occupies
37.6$.
Family *D»
Although resembling family 'A' this group of three ewes has a
rather less restricted range, 306 occuring in 48$ of the available
area, 573 in 49$ and 857 in 44.3$ of the area. Once again a fair
39.
degree of similarity occurs in their home ranges which are based
mainly on the Gairs (as 'A*) but with a tendency for the focus to
be nearer the Rowanfcree Bum.
Family 'E'
The distribution of the four ewes comprising this family are
shown. Unfortunately ewe No. 862 died 5 months after the investi¬
gation began. The common home ranges of the three ewes 328, 568
and 858 are more central than any of the families so far examined.
They are not as restricted as certain of the others, as ewe No. 328
occupies 41.5$ and ewes 568 and 858 occupy 46$ of the available area.
Family 'F'
This family of three ewes was reduced to two by the death of
No. 781 within three months. This family is interesting for the
obvious differences between the home ranges of No. 588 and 446.
Although somewhat restricted (588 occurring in 44$ of the area and
446 in 37.6$) there is a lack of similarity in their distribution
apart from some degree of overlap in the region of the field. This
overlapping at the field can be explained by the presence there of
a mineral box which attracts the ewes. No suitable explanation for
the dissimilarity can be given. Ewe No. 781 appeared to be devel¬
oping the home range of her dam (446) but her death made checking
this impossible.
Family 'G*
This family's home range is the Gairs and the lower central
area of the heft. Ewe 664 has a restricted home range of 46$ of
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the area available and No. 863 has an even more restricted home
range of 42$ of the area available, whereas Nos. 838 and 585 have
a range of 46$ and 45$ respectively. Nos. 838 and 585 occupy
coincident areas at the top of the Gairs and the central area of
the heft. Nos. 664 and 863 have a slightly lower and more central
home range although still basically similar.
Family
This family has one of the more restricted ranges, No. 238
having occurrences in 39$ of the available area and 847, 31.6$.
No. 897 occurs in 28.9$ of the available area. This family is
restricted to the Dod Hill with some occurrences in the region of
the mineral box.
Family 'I'
The home ranges given are those of the daughters of a founda¬
tion ewe which died some time previously. They were very restricted
(No. 833 occurring in 31$ and No. 777 in 26.3$) with much common
ground. The range is a central one reaching across the heft from
the top of the Dod to the lower central position of the Gairs.
41.
CONCLUSIONS
The twenty-five ewes observed all exhibited home range
behaviour. Although each one had access to every part of the heft,
they were observed only on a portion of it. The average home
range was 40.2$ of the heft which represents approximately 100 of
the 250 acres available but the greater part of their resting and
grazing occurred on less than this. The figure of 100 acres agrees
with the acreage quoted by Hunter (1960) in a preliminary study of
this phenomenon. The smallest home range was that of ewe No. 777
which occurred on only 26.3$ of the total possible grid squares
and therefore had a possible grazing area of 65 acres. The least
restricted home range was that of ewe 573 with a possible acreage
of 121 or 49$ of the total. None of the ranges were identical
but could be resolved into three main types.
1) The whole of the Gairs i.e. on the E of the burn.
2) The central portion of the heft, mainly on the
banks of the Rowantree bum and including both
the Dod and the Gairs in the lower portion.
3) The whole of the Dod hill i.e. on the W of the bum.
One pair of ewes (Family •I•) have a unique home range, including
the upper portion of the Dod and the lower portion of the Gairs.
Although the home range of each ewe was unique, a strong
family similarity can be observed. Members of the same family
occur in the same areas and possess home ranges closely resembling
the other members of the family. The home range of the family
does not resemble that of the whole flock and the distribution of
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the flock is a result of the superimposition of members of differ¬
ent family groups each possessing different home ranges. The
mechanism by which home range behaviour has developed will be
discussed later, but it is of interest to note that the family
home range relationship is very difficult to break down. Herding
and feeding have been studied in this connection (page 52) but a
more striking example of the permanence of the habit is provided
by ewe No. 664. During the autumn/winter period of 1958/59 this
ewe was removed from the heft for experimental reasons and was
housed on slatted floors for several months. When returned to the
heft she returned to the same home range as her offspring.
Climate appeared to have little effect on the family pattern
although on certain occasions N.E. winds did drive the entire flock




The Home range and its effect on the plant
communities grazed.
Introduction
Because of the diversity of the swards on the Gairs the
different home ranges include different plant communities and
individual preferences by the various families for a particular
community may be responsible to some extent for the distribution
of the families over the heft. For this reason and the fact that
gross differences between the productivity of the various plant
communities both qualitatively and quantitatively may be reflected
in the perfoimance of individual ewes and families of ewes, details
of the distribution of the families in relation to the vegetation
was considered. Table 5, page 45, gives details of the number of
occurrences on the various communities of the heft. Table 6, page
46, shows the occurrences per unit area of the particular community
for each ewe, which gives a measure of the ewe's relative prefer¬
ences for the various communities. The term 'occurrence index*
is used for this figure which is similar to the 'comparative grazing
intensity' used by Boulet (1939). The occurrence index (0.1.) is
calculated as below.
Occurrence Index - * MearreBMS of e,,e °n QMmmilty x 100
area of community
The tables show that family home range affects the intensity
with which individual communities are grazed by the family. Although
differences within the family occur, in general they are slight and
44.
this pattern of family grazing is in most cases different from
that of the flock as a whole. The families as a whole exhibited
seasonal preferences for certain communities (as noted by Hunter
(13211).
Hesults (see page 45)
gable 5 Occurrences of the study ewes on the various communities


































































Molinia, Juncus, Heather community
Nardetum
Agrostis-Festuca grassland
of the Gairs heft




























































































































































































































An occurrence index of 100 indicates
that the community in question is occupied
at a level that would be expected if the
sheep were distributed uniformly over the
hill. Figures above or below 100 show
that the comiaunity is being utilised more




This community normally has an "occurrence index" (0.1.) of
under 100, although it may rise above this at certain times of
the year. Only families 'D* and 'G* have an 0.1. over 100, all
the others being below as expected (e.g. 'H* and 'I'). The
communities dominated by Molinia caerulea are, therefore, little
utilised except by these families.
"olinia~Juncus-»Heather community.
This community is closely related to the previous one and
the general pattern of utilisation is the same, Juncus squarrosus
and Calluna vulgaris are grazed at a time when little else is
available during the winter. Families 'I* and *H* were never
observed on this community which occurs in their territories.
Family 'F* and 'C' had a very low occurrence per unit area on this
sward although both families did graze the Gairs slightly.
Families 'A* and 'D* had a very high occurrence on this
community (with one member of family VA* having an occurrence index
of 6401 This ewete territory was the whole of the Gairs, more
particularly the top portion and the main reason for her occurrence
outside this area was herding or visits to the mineral box.
Nardetum
Nardus stricta, the dominant grass in this community, is a
winter green, early species, of low palatability and it normally
has a low 0.1. The associated species do however provide a
palatable growth, with a consequent high grazing intensity at
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certain times of the year. Of the families studied only one, *A',
had an above average occurrence index on this community. The
Dod which possess 68f of the Ilardus area is grazed by three
families (•C•, 'H' and •I•) which graze it at a low intensity but
'A' and *D' which are associated almost exclusively with the Gairs
give a high 0.1. (in the case of 'A1 above 100) for the community.
This difference can be explained by considering the adjacent
communities. In the case of the Dod the Rardus stricta areas
are completely surrounded by Agrostis-Festuca communities and
Pteridium aquilinum dominant communities, whereas on the Gairs
(32$ of the Nardus stricta area) the area is mainly surrounded by
Molinia caerulea and Calluna vulgaris dominant communities. Pre¬
sumably the Agrostis-Festuca on the Dod provides sufficient palat¬
able grass to prevent the grazing of low palatability Nardus stricta,
whereas on the Gairs little else of a high productivity or palat-
abllity occurs.
Agrostis-Festuca grassland.
This is the most valuable of the hill grassland and this is
reflected in the high 0.1. Seven of the nine families in this
investigation have a higher than average occurrence per unit area,
the two exceptions being families ,A* and *D*. These two families
might be expected to have a high number of occurrences as approx¬
imately 50$ of the Agrostis-Festuca occurs within their home
ranges.
Pteridietum
Only Family 'A' gives a below average 0.1. on this sward
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type, which does occur within the limits of its territory.
Bracken dominant communities appeared to be grazed quite as in¬
tensively as Agrostis-Festuca by the other families concerned
and provide a considerable source of high quality grass early in
the season, when grasses under the bracken are accessible and
have been protected to some extent by the covering layer of
bracken.
Juncetura
This area is a small one and for this reason the very high
0.1. given by several of the ewes on this community is probably
unrealistic. However it is possible that in the normally dry
spring encountered at Sourhope such permanently damp flush areas
provide valuable grazing.
Callunetum
This area is a small one, but may provide useful keep during
the winter season particularly as heather of medium age is present.
The two families occupying the upper portion of the Gairs, 'A'
and again graze this community at above average intensity.
This is to be expected as the community lies wholly within their
territory.
Eriophoretum
The small patch of this community lying high on the Bod is
grazed at a very low intensity, only two ewes occurring on it.
One of these, No. 845, gave an 0.1. of 215 and is the only animal
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occurring at above average intensity on the community. Several
families include the Eriophoretum within the limits of their
territory e.g. 'C', *H* and *1 * and yet none of the ewes comprising
these families (except ewe 845» family *0') occur on this community.
CONCLUSIONS
The fact that sheep are distributed in a non-random fashion
over the hill in family home ranges suggest that a similar non-
randomness occurs in plant communities grazed. This does happen
and has been demonstrated in the previous pages. Individual
differences between sheep in the same family occur but in general
the communities grazed by individual ewes are very similar to
those grazed by other family members. The communities grazed by
a family are not necessarily those grazed by other families or by
the entire flock.
The occurrence index (table 6, page 46) shows that the majority
of the families occur most frequently on the Agrostie-Festuca and
Fteridium aquilinum dominant communities (Pteridietum) and in
view of the higher production and palatability of the grasses in
these communities it is not an unexpected finding. These two
communities provide the bulk of the grazing of the flock and
therefore in showing a 'preference* for them the individual
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families are exhibiting the 'preferences' of the flock.
Not all the families have the highest grazing intensities
on the Agrostis Festuca or Pteridium aquilinum dominant communitfes
and certain families such as 'A' and 'D' graze communities not
normally grazed at a high intensity by the remainder of the flock.
Although Pteridium aquilinum dominant and Agrostie-Festuca
communities occur within the boundaries of their normal territories
both these families graze them well below normal intensity. This
indicates that some factor other than nutritive value, palatability,
or productivity governs the extent to which some families graze
the various communities. The significance of these 'preferences'




Effect of herding and feeding hay on family home range behaviour.
An important factor in the development of home range behaviour
will be the amount of disturbance by man. This disturbance may
be important in the development of the home ranges of the Gairs
sheep which are regularly shepherded.
It was frequently observed that the normal daily herding had
little effect on the dispersal of the families. The practice
of moving the ewes up or down the hill merely moved them to the
top or bottom of their respective territories. During herding,
ewes grazing adjacent areas bunched in small groups of 15-35 ewes
depending on the portion of the heft concerned. The groups were
larger in the centre of the heft and on the Agrostis-Festuca areas,
as larger numbers of ewes grazed these. It is suggested that
such small groups of ewes are a definite unit and that they possess
closely a}lied grazing and resting territories. Attempts to de¬
termine this structure by marking every ewe on the heft failed
because of the practical difficulties of identifying the ewes at
the ranges involved.
The effect of the much closer herding practised when the rams
(or tups) were on the hill could possibly have a more marked
effect on the distribution of the various families and could be
a factor leading to the breakdown of the family association.
Three opportunities arose to record the effect of this type
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of herding on the sheep and one to record the response to hand
feeding of the ewes, at a fixed point at the bottom of the Bod
hill.
Five sheep were observed throughout the day, recordings
being raade every 15 minutes. It was hoped to observe the same
ewes on each occasion but this was difficult as one ewe might not
be found for some time. The five sheep observed were therefore








The results are given in Biags. 13 to 16, pages 54 to 57, taken
directly from the projection produced by the sheep recording appar¬
atus reduced to 1/9 actual size. The numbers run from one to
thirty-seven and represent the position of each sheep at observa¬
tions made every 15 minutes. The lines joining them are given
as straight on the maps but this would not necessarily be the
path taken by the sheep.
At herding all the ewes were brovght to a convenient gathering
area. The object of this was to enable the shepherd to observe
both the rams and ewes to determine that mating was proceeding.












Diagram 13, 7th December, 1939•
The area to which the sheep were gathered is very close to
the pens at the foot of the Dod hill (map 2) and is represented
"by the observation numbered 9. The ewes had approximately 2§
hours of daylight in which to graze before herding was carried out
and they had all commenced grazing in their respective home ranges.
Almost without exception the effect of herding was to cause the
ewes to lie down after the dog and shepherd had left, the time
varying from 45 minutes in the case of ewe No. 857» to 2l hours
in the case of ewe No. 238. Both these ewes had been lying just
before the disturbance but had grazed previously to this.
In the case of three ewes the disturbance was considerable,
i.e. they were completely removed from their normal home range on
the Gairs to the Bod. Of these sheep, 857 and 585 returned to
their normal rake within two hours and were moving in this direc¬
tion immediately after lying down. No. 858 at first moved with
the Dod sheep but within three hours of herding was beginning to
cross the bum and reoccupy its normal home range. The two Dod
sheep were still well within their normal home range and spent a
longer resting period than the more disturbed Gairs ewes.
Diagram 14, 15th December 1959*
Because of good visibility it was possible to commence
observations earlier and finish later. The ewes were gathered
to a point high on the Gairs above the field at "1X15 - 11.00 hrs.
5>9.
This is represented by the 11th observation. Only one ewe was
outside her normal location (No. 238) and in fact was grazing on
the Gairs when herding took place. She returned to the Dod
after herding. The effect was much the same as before i.e. a
lying down period soon after removal of the dog and then a return
to the normal grazing area. This was particularly marked in the
case of ewe No. 543 which returned quickly to the home range she
normally occupied, at the top of the Gairs.
Diagram 15, 30th December, 1959.
/
The heft was herded earlier than usual at 10.00 hrs. and
observations were only possible from 9.00 - 15.30 hrs. The area
to which the sheep were herded was on the Gairs/Dod boundary and
disturbance was lower than usual. However one of the Dod sheep
(No. 115) was gathered from some distance and after the normal
lying period moved quickly back. No. 238 was grazing close to
the gathering area but after a long rest period hrs.) she
travelled a considerable distance before commencing grazing.
Diagram 16, 29th January, 1960.
Hand feeding of the sheep on this heft took place only during
severe weather at the discretion of the shepherd. During pro¬
longed rain or high winds in early spring supplementary feeding
with good hay was practised. Concentrates were not fed on any
occasion. Headings for the family distribution maps were not
carried out at first during the periods of supplementary feeding
until it became obvious that the feeding was not grossly affecting
the distribution of the families. Only three sheep out of the
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five visited the feeding area (X) and of these, only 585 left
her normal home range. Ewe No. 543 made no attempt to make the
long journey from the top of the (lairs and was only one of
fifteen - twenty ewes which were also grazing near the summit.
Although 858 moved in the direction of the feeding racks she
did not approach them.
Conclusions
On the three days recorded (and on numerous other occasions)
neither herding nor feeding caused major modification in family
distribution. Initially, bringing the ewes together caused
very considerable disturbance and mixing which might be expected
to disorientate them. In only one case was this recorded, ewe
No. 858 on the 7th December (Diag15) joined a group of ewes
moving up the Dod and only gradually moved away from the group
to return to her normal home range. This type of behaviour
was noticed on several occasions during normal sheep watching
operations and it is to be expected that the natural gregarious-
ness or flocking instinct will cause ewes to be 'caught up' with
ewes from another territory rather than pursue an individual
route back to her territory. This is likely to be even more
important when disturbance of the ewes has caused thern to flock.
Unless the disturbance were exceedingly frequent, a permanent
effect on hotoe range is unlikely, as the ewe invariably attempts
to return to her own home range within a few hours.
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One characteristic effect of herding is apparent when the
dog has left the sheep. The majority of ewes, after a slight
dispersal from the bunch lie down for varying periods. There
appears to be some connection with the distance the ewe has been
removed from her normal territory and the length of time spent
lying down, i.e. a ewe brought from some distance to the gathering
area will normally spend less time than one within whose terri¬
tory the herding area is situated. Weather conditions also
affect the flock after herding. During periods of high wind
and/or rain the ewes remain lying for a considerable time.
The effect of handfeeding with hay appears to he very small.
It is the experience of many hill shepherds borne out by observa¬
tions on the Gairs that unless the ewes need hay they will not
travel long distances for it. However, ewes in whose home
range the hay racks were situated did visit them, whereas ewes
grazing certain areas e.g. 543» very rarely came down to the hay
racks. It is difficult to believe that they were sufficiently
well fed not to need supplementary food. Certainly when com¬
pared with, for example, ewe No. 115, which regularly consumed
hay, it is certain that these ewes grazing a predominantly Molinia
caerulea sward were on a potentially far inferior diet. If
ewes, such as Not 543» came to the feeding area, the long dis¬
tances involved would demand the expenditure of a considerable
amount of ebergy. This cannot be a desirable thing with hill
sheep in winter. Therefore to benefit all the ewes the hay
feeding stations should be sited one to each major territory to
ptevent the situation shown on Diag.18, page 57» where ewes needing




One very important feature of hill farming in N. England,
N. & Central Scotland and parts of Wales is the maintenance of
a flock of ewes on an unenclosed hill by the "hefting" habit.
The ewes show a disinclination to range from a particular area
or heft and without this habit it is unlikely that sheep husbandry
would be possible in these districts. The term hefting implies
the adoption of the area by the whole flock and does not necess¬
arily involve the aggregation into smaller social units, the
heft normally being a much larger area than the home range. For
example the Gairs heft is 250 acres although individual members
of the flock range over a smaller area. Roberts (1947) writes
that some hill shepherds with the ability to recognise individual
sheep and their particular grazing area, have used this knowledge
to reduce the grazing pressure on a particular portion of the hill
by drafting or culling the ewe or ewes grazing the area before
the normal time. The effectiveness of this procedure would
depend very largely on the quality of the community and the stock
density but this does not detract from the evidence of the home
range habit which this affords.
It is interesting to note that two groups of ewes of two
related sub-breeds namely North country and South country cheviots
on the same heft at Sourhope with the opportunity to graze the
same area, do in fact segregate into two distinct but overlapping
home ranges. The North country breed appears to be the more
aggressive (or more likely less timid) and grazes the lower and
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more productive areas of the heft, whereas the South country
Cheviots are forced to graze the floristically inferior and
nutritionally less favourable ground.
Similarly it has been noted at Glensaugh, another farm of
the Hill Farming Research Organisation, that two strains of
Scottish Blackface, Newton Stewart and Lewis, have different
territories within a common enclosure although a certain amount
of overlapping occurs. The Lewis strain occurs more frequently
on Calluna-Eriophorum communities in contrast to the Newton
Stewart which grazed more frequently on the Agrostis-Festuca
communities.
Territorial and home range behaviour is a common feature of
the social behaviour of many species of animals and birds, but
it is the wild members of the Artiodactyla that provide the closest
approximation 1o the behaviour observed in hill sheep. The only
truly wild ungulates in Britain are deer (Cervidae) but both
goats and Soay sheep occur in the feral state. It is useful
therefore to compare the social structure and behaviour of these
animals with that of the hill sheep.
The red deer (Cervus elephus) is the deer of open hills in
this country and grazes many of the communities grazed by the
sheep. It has been shown (Wormwell (1960), Fraser Darling,
(1936)) that sheep are commonly found at a lower elevation than
the deer and have access to the better communities. On Rhurn the
reduction in the numbers of sheep have allowed the deer to colon¬
ise the lower slopes.
Fraser Darling (1936) has shown that in many respects the
situation with red deer is similar to that described for sheep.
The small groups of related females forming the definite terri¬
tories within the larger heft could be applied with equal truth
to either the ewes or hinds which have a similar matriarchal
structure.
The species differ in their behaviour on several points.
The ewes form much looser groups e.g. they are not always in the
immediate vicinity of the foundation ewe or other members of the
family but graze within a similar home range. Since not all the
lambs of any one ewe are kept it is unlikely that as many related
females can exist and the sub-groups which occur in the hill
sheep flocks in contrast to deer are in fact several groups of
related ewes. There is also a considerable difference in the
stocking rate of the two species. Fraser Darling (1936) quotes
a figure of one deer to 40 or 50 acres as a mean varying from onr
to 30 to one to 100 acres, this figure in fact depending to some
extent on the amount of sheep competition. Even allowing for
the larger animal the density is considerably below the stocking
rate of one ewe to two or four acres at which approximately 55$
of ewes and hoggs in Scotland are kept (Hill Farming Research
Qrgani3ation , 1958). At the lower stocking rate home range
behaviour may be expected to he more pronounced.
This behaviour in hill sheep and the red deer contrasts
with that exhibited by reindeer and the Rocky Mountain bighorn on
the North American continent which shows little territoriality.
(Palmer (1925), Packhard (1946), Spencer-Clifford (1943))•
Feral Goats occur in many parts of the country, in the High¬
lands of Scotland, in Wales and in Ireland. They appear to have
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preferences for the higher, drier ground and their family parties
in contrast to deer and sheep consist of an older male, several
females and kids with a few yearling males loosely attached to
the group.
Soay sheep found on St. Kilda in a feral state are of a very
primitive type, and might therefore be expected to show home range
behaviour to a much greater extent than the domestic breeds. In
1932 a flock of 107 sheep were moved to the main island of the
St. Kilda group and since that time there has been no record of
any movement or interference with the flock in any way. Morton
Boyd (1960) reports that the Soay has a distinct home range although
the dimensions of it are not known with any certainty. The size
however is said to be governed by the potential feeding value of
the communities within the home range. The males normally occur
in separate parties except in the breeding season and the social
structure is matriarchal. The territoriality of these primitive
sheep therefore resembles that in hill sheep in as far as their
behaviour is at present known.
The existence of a social organisation based on the 'peck
order' described by Allee (1938) has not been described in hill
sheep but from personal observation and discussion it is certain
that there are varying degrees of aggressiveness in sheep and
little doubt that this type of social organisation or a similar
one could occur in the sheep studied. If it does occur, it
provides a very sound explanation for the development of the home
ranges observed and would account for the less aggressive animal
lower in the social order being forced on to the poorer communi¬
ties or areas of less amenity by virtue of exposure etc. The
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acceptance of such a social organisation in sheep would account
for the maintenance of the habit, for in the absence of a true
family relationship it is likely that the offspring will take
the social rank of the mother. The culling and selective
retention of ewes and their offspring will cause changes in the
structure of the flock which is also likely to induce changes
in the territorial distribution of the ewes. This is in agree¬
ment with changes observed in the numbers of sheep on various
communities over the last few years.
There is an obvious and real association between the lamb
and its mother for the first weeks of its life and this is carried
on beyond weaning. It has been observed that the close mother-
daughter relationship is maintained from lambing in April to the
arrival of the next season's lamb. The previous year's lamb
then ceases to graze very close to the ewe and probably never
does so again. Whether this split is due to the dam or the hogg
is not known but the split occurs very suddenly and noticeably
within a few days.
Such a close relationship between the mother and daughter
for up to twelve months must result in the lamb learning the home
range of the dam and subsequently maintaining this home range.
Two checks of the effect of th s mother-daughter relationship
are possible. If a lamb was fostered it should assume the home
range of its foster mother and not that of its ancestors. It was
not possible to check this on the Gairs as no suitable fosteringe
occurred.
If a 2>amb were taken from the hill in the first winter, as
is done in parts of Wales and Scotland, this should also break
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the ancestral territory as the lamb is not likely to have fully
acquired the territory of its dam. Lambs wintered away should
therefore return to a non-family territory. Loney (1939)
working on a mountain flock in North Wales attempted to record
this by recording the number of lambs gathered on the same day
as their darns. The two halves of the heft were gathered on
different days and the presence of lambs on the same half of the
heft as their mothers would indicate that a family home range
existed. Lambs were not found on the same side of the heft,
which indicated that they were not associated with their daras.
This cannot be considered conclusive evidence that the family
territory is destroyed by wintering away from the hill, and many
shepherds have said that away wintered hoggs return to their dams
territory. It must be pointed out that the lambs wintered away,
remain on the heft when returned to it.
The territorial habit which occurs on the Gairs and on other
hefts where the system of management is similar, is therefore a
continuation of the territoriality found in primitive breeds of
sheep. It has probably developed by the differences in the
aggressiveness of individual ewes and been inherited both by this
method and by a direct maternal effect. The similarities between
this type of behaviour and that in red deer in this country is
very marked and it is significant that both these species graze
very diverse grassland in relative freedom from predators. One
can very readily conclude that this organisation results in a
better utilisation of this type of sward under the conditions
found in Great Britain.
Territorial behaviour is of significance to two different
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aspects of bill sheep production, breeding and the management of
the ewe flock.
Breeding for economic characters in hill sheep is rather
more difficult than/the corresponding practice in lowland sheep.
The normal method (if such exists) is that of selecting the ram
lambs on a weight for age basis or the progeny testing of these
rajns (Boberts and Williams (1936)).
Similarly, ewe lambs can be selected for the retention in
the ewe flock on such measurements as weaning weight, staple length
and fleece weight which are said to have a high heritability in
sheep (honey (1986)). The concept of heritability however implies
that the calculation of it and its development in the ewe is based
on a uniform environment. Groups of sheep grazing diverse hill
pasture of the type described have been shown to possess a distinctly
different home range which includes different vegetation types and
hence different nutritional possibilities. The extent of these
nutritional differences will be considered in chapter 3> commencing
on page 83. Topographical and exposure effects are in some cases
as important as the nutritional ones, and different groups of sheep
possessing different territories could be influenced by these differ¬
ences. Lamb mortality, fleece type, and general performance are
three of the economic characters whose selection and expression
could be affected by exposure effects.
The splitting of the ewes into smaller groups would not have
such importance if these groups were not based on related ewes,
however the fact that they are based on relations, has the effect
of greatly increasing any mother-daughter correlations or any
based on sibs. Selection, therefore, or culling the poorer ewes
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could do little to improve the overall performance of the flock,
as the better sheep may be inhabitants Pf the better territories
and vice-versa. It would, therefore, be desirable when selecting
ewe lambs to take into account the home range of the lambs.
Utilisation of the poorer areas of the hill could possibly be
improved by the selection of good lambs from the poorer home
ranges. This practice would require care as a high performance
on the poorer types of community is only possible at relatively
low stocking rates on these communities. If the stocking rate
of the poorer territory is increased without a corresponding in¬
crease in the stocking rate of the better territories (by selec¬
tion) migration from the poorer territories will take place. In
general then, the methods of selecting ewe replacements would be
to divide the sheep by virtue of the grazing territories and select
within these groups to prevent any bias in favour of the population
of better territories. Obviously such a method will involve the
selection of sheep not quite as suitable at first sight but will
improve the overall utilisation of the hill.
The siting of supplementary feeding stations should be care¬
fully considered. There is some Justification for at least three
feeding sites on the Gairs in order that each awe may get maximum
benefit from the feeding. One should be sited in the present
position at the foot of the Dod, one in the region of the field
and one higher up on the Gairs. With such a layout it would be
possible for each ewe to reach a feeding site without leaving her
home range. Hill shepherds are likely to support this practice
on the grounds that it does not upset the grazing rake of the
sheep. The practice is advocated, however, for the reason that
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some ewes will not leave their home range even to obtain supple¬
mentary food. The siting of a mineral box is also of importance,
for, although the presence of one appears to effect ewes a little
more than that of supplementary feeding (with hay) there are still
ewes which rarely if ever attempt to obtain minerals from the box,
possibly because of home range considerations. The effect of
interrupting the natural rake of sheep lias been mentioned in
connection with cobalt deficiency and the trace element factor
could be a very important one in families whose home range had
herbage of a low cobalt level. Provision of mineral sources etc.
could largely prevent a deficiency developing.
Any improvement in the botanical and manurial status of the
hill would require consideration in relation to the social struc¬
ture of the flock. Improved areas would need to be sited in the
home ranges of the sub-groups, account being taken of their numbers.
This would be necessary to achieve as good an overall distribution
as possible and to prevent territories becoming vacant as sheep
moved on to the improved areas.
At certain times of the year, mainly when the ewes are heavy
with wool or in lamb, they are prone to being trapped on their
backs and are unable to get upright. This accident is a very
at
important sourde of loss and/these periods much of the shepherd's
time must be spent in preventing it. 'Couplng' as the accident
is called is said to be more prevalent in certain families than
in others and if this is the case it is also connected with the
territory grazed. 'Couping* usually occurs on tussocky uneven
ground such as that found on a Molinia caerulea dominant community
and if families habitually grazed on such an area the incidence
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of 'couping* would "be expected to be higher in that family. Ro
critical information is available regarding the truth or otherwise
of this but it does appear possible. If this proved to be a
severe problem the long-term solution could be to cull families
grazing the dangerous areas. This would eventually reduce the
incidence although reducing the overall utilisation of the hill.
The heterogeneity of the hill sward imposes on the hill sheep
grazing this sward a similar heterogeneity of behaviour and poten¬
tial nutritional level which would be expected to be reflected
in the heterogeneity of performance. It has not been possible to
demonstrate this on the Gairs although more recently (Hunter (1962))
has demonstrated a relationship between home range and performance
in Scottish Blackface ewes. It is certain that in hill sheep
there remains a primitive habit which can express itself under
the type of husbandry practised and to disregard home range
behaviour would be unwise. Any changes in management practice
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The distance travelled by grazing ewes.
Introduction.
Wood and Woodman (1939), Llnehan and Lowe (1946 ), Rhoad
and Carr (1945) and Oarrigus and Rusk (1939) have suggested the
importance of assessing the energy expended by the grazing animal
when moving about in search of food and give estimates of distances
walked together with energy requirements. Tribe (1949) presents
figures for the distances walked and the time spent grazing by
the Cheviot sheep obtained throughout 24 hours regularly over a
12 month period. The sheep were kept under lowland conditions
in a two acre paddock. More recently Claprerton (1961) has
evaluated the energy cost of both horizontal and vertical movement
in sheep and gives figures of 0.59 calories per horizontal kilo¬
gram metre moved and 6.45 calories per vertical kilogram metre moved.
The distances walked by a hill sheep during the day is,
therefore, of some interest as an indication of its energy require¬
ments. It is also useful in defining the area adopted as a
grazing range by the individual sheep.
Method.
Data on the distances walked by the various ewes on the
Gairs heft were obtained in conjunction with the investigation of
territory reported in Chapter One.
The positions of five sheep were plotted at fifteen minute
intervals throughout the 'watching' day from just after dawn to
just before dusk on a total of ten days during the year. Observ¬
ations were made on five days during December and January and on
five days in May and June. This was done in craer to obtain
comparative figures for the winter and summer periods. The path
recorded was measured by superimposing the gridded master sheet
on the trace and calculating the distance walked from the number
of 100 x 200 ft. squares traversed, horizontally, vertically or
diagonally. By recording at fifteen minute intervals it was
hoped that the path taken between the points was a straight line,
although it was obvious that on several occasions it was not.
Resting periods (considerable in some cases) were not recorded.
The five sheep recorded were 115 & 238 whose normal home
range was the Dod, 543 & 306 whose normal home range was the Sairs,
and 858 with a central home range.
Resu]ts.




The distances (in feet) walked by five sheep on four dates in

























































































































Table 7 shows that sheep cover greater distances during the
summer period. This is to he expected owing to the larger numbers
of observations made in summer. A more accurate indication of
the activity of the ewes may be obtained by considering the dis¬
tance walked per hour of daylight.
This figure is given in Table 8 below.
TABLE 8
Mean total distances walked (mean of 4 dates) divided by the
number of hours of observations.
Distances (ft.)
Sheep Ko. Summer inter






This confirms that the sheep are more active during the
hours of daylight in winter than in summer, although the total
distance walked is less.
exists
The possibility/that this apparent difference is due to
the lower number of observations rather than shorter day length
i.e. grazing could continue during dusk and darkness. In many
cases, however, the ewes were resting for the last few observa¬
tions and in some cases were seen to commence grazing in the
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same area on the following morning.
In general, the ewes were most active between from one hour
to four or five hours after observations commenced. In winter
this occupied the hours of daylight but in summer there was a
second peak of activity in tne early evening.
The differences between distances walked in summer and
winter (both total, and per hour) are significant at the 0.5$
level. The differences between ewes are also significant at
the 0,5$ level. Ho significant differences exist between the
four dates of each period,
It has been suggested that the distance walked may have an
effect on the energy requirements of a ewe. On the basis of the
distances given a figure can be calculated for the energy require¬
ments for movement of the individual ewes using the figures given
Ola-poerton (1961)
The distances in Table 7 were translated into distances
walked horizontally, vertically and diagonally and these distances
were then expressed as the number of metres moved horizontally
and vertically, using an average gradient of 1 in 6.
The average 'weight of ewes in the investigation was 42.5
kilograms ana the energy required for daily movement was calculated
on this basis. The number of calories required per ewe are given
in Table 9 •
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TABLE 9
Total daily energy requirements for movement (calories) based
on a weight of 42.5 kilograms using the values of
Clapperton (1961 ).









The distances walked "by the individual ewes differ signifi¬
cantly from each other and this has an effect on the energy re¬
quirements for this purpose. The significant difference between
summer and winter activity (distance walked per hour of daylight)
is to be expected since ewes grazing similar territories will need
to move further to obtain an equivalent dry matter intake during
the winter months.
There are home range differences between the distances walked
in winter which can be correlated to the possible value of the
communities in the range. The two sheep grazing the Dod, 115 and
80
238 walk smaller distances than 306 and 543 which graze the Gairs.
This difference is only apparent in winter when useful herbage is
scarce. It is obvious, therefore, that home range behaviour not
only affects the nutritional level but also the nutritional re¬
quirements.
It was often noted that weather conditions affected the
activity of the ewes. During high winds and/or rain, grazing
commenced late and usually finished early. On fine days the ewes
were often grazing before observations had begun. On fine days,
therefore, the figures given in the tables will not represent the
true distance walked.
The observed ewes were herded with the rest of the flock on
15/12/59 which gave an opportunity to record the distance moved
during this activity and hence the effect of this on the energy
requirements. The distance constitutes an important percentage
of the total distance walked (up to 38$ in the case of 238) and
consequently utilises a large proportion of the available energy.
Under winter conditions, therefore, herding should be carefully
considered and only done when the benefits are likely to offset
the loss in energy involved.
The figures given for the distances walked are considerably
less than those quoted by Tribe (1949) who studied the distances
walked by sheep on a lowland pasture. Tribe's figures are approx¬
imately twice those given in this investigation and this difference
would appear to be genuine. The distances given in Table 5 are
certainly under-approximations for two reasons. The distance
between recordings was measured as a straight line, which was not
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always the case and some grazing must have taken place when lack
of visibility prevented recording. It is unlikely, however, that
these errors are great enough to account for the differences between
the distances given here and those of Tribe (1949).
It is conceivable that animals grazing poorer quality swards
low in energy and high in fibre may be limited in their activity
by lack pf energy. The lower digestibility of the hill herbage
can also reduce intake and hence i. the necessity for foraging.
The discrepancy between the walking distances given by Tribe
(1949) and those obtained in this investigation are difficult to
explain and may, to some extent, invalidate the energy data as
absolute values. It is certain, however, that the home range
differences are unlikely to be affected and these differences
emphasise the importance of the habit in determining the product¬
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The seasonal variation in the chemical composition of seven




The literature reviewed in^foilowing pages is concerned
mainly with lowland grassland species rather than hill species.
Although this gives a useful guide to the results to be expected
from hill grasses, information of a more precise nature is desired.
An analysis of eight important hill grasses was therefore
undertaken at monthly intervals throughout two years. The grasses
analysed were Agrostis tenuis, Anthoxanthum odoratum, 3)eschampsia
caespitosa, Peschamps!a flexuosa, Festuca ovina, Festuca rubra,
Holcus mollis and Nardus stricta, which together provide the bulk
of the grazing on the Cheviot hills.
The analyses carried out were crude protein determination,
crude fibre determination, ether extract and total ash. In the
absence of digestibility or total energy data these values provide
a useful indication of the feeding value of each species. The
collection of data on flowering dates enables a useful statement
to be made on the comparative digestibility at a given date
(Raymond (1960)). (See part 2.)
The accuracy of a sampling method to determine the value of
vegetation to the grazing sheep is reduced by the inability to
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select a sample similar to that selected "by the sheep, This
problem although less relevant on hill pastures in winter was
recognised and an attempt made to estimate the selectiveness and
amount of dead material consumed by sheep. (See Appendix 6).
For this reason dead material collected was analysed.
The dry matter content of the various species is of interest
because of its relevance to productivity studies and because of
the importance of succulence (or low dry matter content) to
palatability and intake (Davies (192$)). The dry matter content
of each species was determinedt therefore, on a total of 6 dates
in the two years.
Review of Literature
Many workers have studied the composition of grasses and
associated species in lowland grassland. The effect of maturity
and flowering on the composition have also been considered.
May (1853)» Sutton and Yoelcker (1886) and Wilson (1886)
carried out the earliest useful analyses of grasses, but only
?/ilson provides any data on the effect of flowering on the chemical
composition and digestibility (artificial digestion). Wilson's
analyses indicate that compared with differences due to the stage
of growth the differences between species are small, both with
regard to composition and digestibility.
Kellner (1907) provides very complete information on the
feeding value of lowland pasture grasses as measured by their
chemical composition and noted the decrease in crude protein and
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digestibility as the grasses mature.
At about the same period Armstrong (1907)» Hall and Russell
(1912). Crowther and Huston (1912) and Ellet and Carrier (1915)
gave chemical analyses which showed the decrease in crude protein
and the increase in crude fibre which occurred with flowering and
developed the importance of stage of growth and frequency of cutting
on chemical composition.
Woodman (1926) gives figures for starch equivalent and digest¬
ible crude protein at various stages which emphasises the decrease
in feeding value and digestibility which occurs at the flowering
and pre-flowering stages.
Waite and Sastry (1949) show that the amount of leaf relative
to stem falls markedly with maturity in timothy (Phleum pratense)
and this has an effect on the chemical composition of the whole
plant. The decrease in crude protein and increase in fibre was
not solely due to this, as the crude protein of the leaf showed a
decrease.
Pagan and his co-workers have conducted extensive analyses of
grass and herb species at intervals throughout the season. Fagan
and Milton (1932) give analyses of eleven strains of lowland
pasture grasses but include monthly analyses of Holcus lanatus
and Agrostis species showing a minimum crude protein, maximum
crude fibre content in the months of July and August. The maximum
crude protein content in Holcus lanatus of 13,49$ occurred in
April, Fagan and Catkins (1932) present single dated analyses and
in some cases monthly figures for a wide variety of upland and
lowland species including Scirpus caespitosum, Molinia caerulea,
Nardus stricta, Agrostis species, Juncu3 squarrosus, Hypochaeris
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species, Po tentilla erecta, Achillea millefolium, Calluna vulgaris
etc. It is shown that the leaves of many of these species are
high in crude protein and ash which together with winter greenness
indicates that they may he of some value.
Pagan and ~rovan (1932) give the crude protein content of
unfertilised hill pastures at monthly intervals from June to
November, This shows a variation in dry-matter crude protein of
from 11.6$ in November to 16.4$ in June. A composite sample from
November to May gave a crude protein content of 12.0$ in the dry
matter.
Stapledon et al (1923) give the composition of Agrostis
species for five months from November to March showing a variation
in crude protein of from 8.56$ in December to 16.5$ in March. A
single analysis of the dead material of Italian ryegrass in March
shows it to have a dry-matter crude protein of 8.25$ and a crude
fibre content of 34.05$
Elliot (1926) and Sodden (1926) in a report on the chemical
composition of upland and lowland pastures state that there is
very little difference between the calculated energy values of the
two pastures but that the cultivated swards were somewhat higher in
nitrogen and markedly richer in all the mineral constituents. A
hill pasture in Cardiganshire gave a crude protein content of
16.5$, a crude fibre of 24.71$ and a mineral content of 4.5$.
Lowland pastures in the same area show a lower fibre and a higher
crude protein and ash content.
More recently Raymond (1960) has pointed out the limitations
of any chemical analysis in predicting the nutritive value of
grassland herbage. Data is presented showing that the nitrogen
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content gives no indication of herbage digestibility although a
higher correlation between nitrogen content and digestibility is
obtained when herbage at the same stage of growth is compared.
Raymond also confirms observations by Woodman (1932) that there is
a considerable drop in digestibility (f unit per day) at ear
emergence. Stapledon (1932) shows that different grass species
have a different dry matter content and also that the dry matter
varies from month to month. The dry matter percentage is low
during the period of maximum growth in May and June and is influ¬
enced by meteorological conditions at any period of the year. Low
rainfall increases the dry matter content by rendering growth
negligible and is, therefore, a secondary rather than a primary
factor.
Sampling method and sites.
Eight sites were chosen, two on each of the four hefts, Park
Law, Haimey Law, Gairs and Rigg (see map 1). Pour of the sites,
used for the collection of the six species (Agrostis tenuis, Anth-
oxanthum odoratum, Deschampsia caespitosa, Pestuca rubra, Pestuca
ovina and Holcus mollis), were Agrostis-Pestuca communities. The
dominant species were Agrostis tenuis and Pestuca ovina although
all the six species were common. The sites used for the collec¬
tion of Nardus stricta and Desehampsia flexuosa were communities
dominated by these two species, intermediate in habitat and character
between the Agrostis-Pestuca grassland and the drier peat vegetation.
Details of botanical composition, altitude, aspect, grazing
regime and height of vegetation are given in Appendix 3.
On each site, areas particularly rich in the species desired
were chosen to facilitate sorting, The herbage within a 4 x 4 cm
quadrat randomly placed several times within the species rich
area was cut as close to the ground as practicable with sheep
shears. In general this left 5 - 10 ram. of 'stubble*,
250 grams (fresh weight) were collected from each site giving
1,000 grams when bulked, the field samples being stored in a closed
polythene bag until separation. In order to reduce losses after
cutting to a minimum the samples were always collected, separated
and dried on the same day. It was not always possible, therefore,
to collect the total required on one day. The bulk of the samples
were completed on one day and the dates given in the results are
the dates on which the greatest proportion was collected.
Separation, drying and analysis.
In order to reduce respiration and evaporation the samples
were retained in the polythene bags in a cool room in the dark
until separation. Small samples were taken from all parts of
the bulk and separated into species. Only whole tillers without
any dead were taken and any obvious flowering tillers were dis¬
carded. A total weight of 100 to 120 grams fresh were collected.
Drying of the samples was carried out in a standard laboratory
oven pre-heated to 100cC before the samples were placed inside
in perforated zinc trays. After 10 minutes the oven temperature
waa reduced to 80° and drying continued until the sample was dry
(constant weight). With the small samples concerned, drying was
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rapid. The samples were ground in a normal laboratory mill
using A, 1/32nd inch screen and stored in airtight bottles
until chemical analysis could be undertaken. The dry matter
content of the samples was taken on three dates in the year.
A regular dry matter determination would have little value,
as on many occasions excess moisture was present. The dry
matters given were calculated when no surface moisture was
present.
Duplication of the chemical analyses would have strained
the analytical resources and, therefore, sampling over two
years provided suitable duplication, to remove some of the
objections to a single analysis.
Analysis of the samples was carried out by the methods
recommended by the Fertiliser & Feedingstuffs Regulations 1953
with minor modifications as suggested by experience.
Results
The monthly crude protein, crude fibre, ether extract, a3h
and nitrogen free extractives (N.F.E.) of the seven species are
given in Appendix 5. The monthly averages of the two years
are given in Tables 10 to 15« pages 90 to 92. The results
for dead material are given in Table 16. Dry matter contents
are given in Table 17.
TABLE 10
$ CRUDE PROTEIN IN EIGHT BILL SPECIES (AVERAGE OP TWO Y ARS ANALYSES)
Sept. Oct. Nov. Dec. Jan.
Agrostis tenuis 10.7 10.75 11.9 14.65 14.0
Anthox odoratum 11.75 11.55 12.3 15.55 12.4
Deschamp caesp. 8.3 9.75 9.65 11.25 12.15
Lescharnp flex. 11.2 11.5 13.0 14.85 14.4
Festuca ovina 10.15 10.6 10.35 10.3 11.05
Festuea rubra 11.25 11.5 13.1 17.35 16.1
Hoicue mollis 11.05 13-0 16.7 18.1 19.3
Nardus stricta 9.8 10.45 9.7 11.3 11.0
TABLE 11
CRUDE FIBRE IN EIGHT HILL SPECIES (AVERAGE OF TWO YEARS ANALYSE;
Sept. Oct. Nov. Dec. Jan.
Agrostis tenuis 23.65 20.0 19.3 22.5 24.2
Anthox odoratum 23.75 25.75 25.25 21.6 20.55
Desch&mp caesp. 31.25 31.4 31.4 27.9 30.7
Detichamp flex. 25.4 26.6 25.5 23.3 24.55
Festuca ovina 28.45 27.0 26.45 29.15 28.25
Festuca rubra 35.25 28.8 27.6 24.0 25.0
Holcus mollis 28.8 25.25 22.75 20.8 19.65
Nardus stricta 32.75 27.05 24.05 21.75 26.25
Feb. Mar. Apr. May Jun. Jul. Aug.
15.2 15.75 18.7 16.7 11.3 10.85 9.8
13.15 16.9 j 20.5 14.7 8.95 9.75 10.0
12.4 19.75 16.65 17.0 10.5 8.75 8.65
15.35 17.3 18.05 14.2 10.75 10.05 10.25
13.45 14.15 14.05 12.85 9.4 10.7 10.65
15.85 18.0 20.2 14.45 11.1 10.5 10,45
20.25 21.55 17.6 16.8 14.6 12.2 8.0
14.05 17.5 16.15 15.05 9.0 9.5 8.8
i
Feb. Mar. Apr. May Jun. Jul. Aug.
27.05 24.8 23.0 26.45 27.8 31.65 32.3
28.15 23.85 21.15 28.1 31.5 38.85 29.9
32.1 31.8 24.75 22.05 27.6 28.9 33.0
30.0 26.45 22.0 24.35 29.9 27.15 22.15
29.05 28.2 27.2 29.75 30.85 28.5 30.1
27.3 26.35 25,7 24.85 29.8 30.05 34.2
20.25 19.05 20.6 26.5 25.3 25.85 29,75
30.35 25.25 27.4 34,7 39.1 34.15 33.05
TABLE 12
£ ASH IN EIG-HT HILX SPECIES (AVERAGE OF TWO YEARS ANALYSES).
Sept. Oct, Hov. Dec. •Tan.
Agrostis tenuis 7.15 6,6 6.45 6.75 6.75
Anthox odoratum 7.1 5.0 5.25 6.3 5.75
Deschamp caesp. 5.55 5.2 5.25 5.7 5.35
Leechamp flex. 5.1 4.65 5.5 5.35 4.6
Pestuca ovina 4.1 4.45 4.5 4.55 4.55
Pestuca rubra 7.7 5.55 6.4 5.5 6.15
Holcus mollis 10.0 8.05 5.95 7.75 8.65
Nardus stricta 6.4 6.0 5.95 5.75 5.9
TaBIB 13
jo ETHER EXTRACT IK EIGHT EILL 5FSCIBS (AVERAGE OF TWO YEARS ANALYSES).
oept * Oct. Nov. Dec. Jan.
Agrostis tenuis 1.85 1.95 1.85 2.4 2.5
Anthox odoratum 1.8 2.1 2.25 2.25 1.9
.Deechamp caesp. 1.75 1.75 2.05 1.8 1.85
Deschamp flex. 3.2 2.8 2.85 3.3 3.25
Pestuca ovina 2.7 2.65 2.6 2.3 2.85
Pestuca rubra 2.05 2.45 2.95 2.8 2.8
Holcus mollis 2.05 2.3 2.45 2.15 2.75
Nardus stricta 0.9 1.05 1.1 0.95 1.05
Feb. Mar. Apr. May Jun. Jul. Aug.
7.9 7.35 6.95 7.35 7.0 7.25 7.25
6.1 6.0 5.6 5.8 5.75 6.1 6.1
5.0 5.75 7.6 6.8 5.95 6.2 6.2
4.1 4.0 3.75 4.85 6.15 7.0 4.6
4.8 5.0 5.05 4.5 4.8 4.15 4.2
7.15 6.1 5.7 5.15 4.4 5.35 4.8
8.6 8.55 8.0 8.05 6.3 7.45 7.15
4.95 4.7 5.05 5.4 5.7 7.55 6.65
Feb. Mar. Apr. ^ay Jun. Jul. Aug.
1.7 2.3 2.65 2.75 2.05 1.9 1.9
1.95 2.25 2.5 1.9 1.7 1.75 1.85
1.8 2.1 i 2.05 2.05 1.6 1.7 1.5
2.8 3.15 3.0 2.6 2.15 2.4 2.8
3.05 2.7; 2.6 2.3 2.4 2.5 2.55
2.65 2.8 2.8 2.6 1.95 1.85 1.8
2.9 2.85 3.0 3.0 2.2 2.25 2.1
1.95 1.1 1.0 1.6 1.05 1.05 1.2
TABLE 14
i NITROGEN FREE EXTRACTIVES (N.F.E.) IN LIGHT HILL SPECIES.>
Sept. Oct. Nov, Dec. Jan.
Agrostis tenuis 56.65 60.2 60.0 53.7 52.55
Anthox odoratum 67.00 55.2 54.95 60.2 59.9
Beschamp caesp. 53.4 51.9 57.15 53.35 49.95
Deschamp flex. 55.1 54.45 54.6 53.2 53.05
Festuca ovina 54.6 55.3 58.6 54.0 53.2
Festuca rubra 50.4 51.7 52.7 44.35 56.55
Holcus mollis 49.8 52.9 51.65 50.7 46.45
Nardus stricta 50.15 55.45 59.1 60.25 55.8
TABLE 15
ANALYSIS 0? MIXED BEAD MATERIAL (AVERAGE OP TWO YEARS ANALYSES).
Dead Sept. Oct. Nov. Dec. Jan.
i Crude Protein 6.35 6.15 5.35 5.45 6.35
i Crude Fibre 36.15 36.65 36.1 36.2 36.3
i Ash 6.5 5.95 6.15 6.25 6.0
i ETHER EXTRACT 1.55 1.1 1.25 1.25 1.05
i N.F.E. 49.45 50.15 50.35 47.8 50.3
(AVERAGE OF TWO YEARS ANALYSES)
Feb. Mar. Apr. May Jun. Jul. Aug.
55.1 45.3 48.7 46.75 51.85 48.4 46.75
50.8 50.9 50.75 49.5 53.45 43.55 52.15
48.7 45.7 50.15 52.1 52.35 54.55 55.65
47.75 43.6 53.2 54.0 51.05 51.9 55.2
49.65 49.95 51.1 51.55 52.85 54.15 52.5
52.05 46.75 45.6 52.95 53.25 46.25 49.25
48.0 48.0 50.8 45.65 51.6 52.25 49.6
45.8 51.45 50.4 40.0 45.15 47.85 50.3
Feb. Mar. Apr. May Jun. Jul. Aug.
7.55 7.1 6.9 6.45 6.3 6.05 6.1
36.2 36.53 35.9 36.5 37.1 34.0 36.6
6.5 6.25 6.2 6.0 6.2 5.85 5.65
1.4 1.45 1.5 1.25 1.6 1.15 1.35
48.35 46.65 49.5 49.8 48.8 52.9 50.8
TABLE 16
DRY MATTER CONTENT OP EIGHT MAJOR HILL SPECIES
Agrostis Festuea Festuca
tenuis ovina rubra
22/10/59 35.0 35.8 31.9
27/4/59 33.3 25.0 30.1
28/7/59 36.0 38.0 34.2
9/11/59 35.2 31.0 29.6
18/4/60 30.5 23.0 36.7
25/6/60 31.4 21.0 27.1






































Tables 10-14 show that there are considerable differences in
the chemical composition of the species considered and consider¬
able variation within each species from month to month. This
is to be expected and confirms analyses of lowland grasses re¬
ported (e.g. y/oodman (1932), Fagan et al (1932) and Stapledon
et al (1924)).
The crude protein is generally highest in March, April
and May but variation occurs within these months between species.
Crude fibre and dry matter are at a low level during this
period also. Ether extract in general is at a maximum at this
same period. The high level of ash reported by Fagan et al
(1932) coinciding with the crude protein peak did not show
consistently in this investigation. The nitrogen free extract¬
ives (carbohydrates) are in general at a low level during March,
April and May.
Much more important to the hill ewe is the increase in
crude protein, ether extract and total ash which occurs in
December or January. At this period many species are higher
in crude protein than they are in July. This is obviously
of great significance to the hill ewe in providing a relatively
high quality diet at this period.
The importance of flowering date on composition is well
known and the effect of flowering appears in these analyses.
The months of May, June and July are the principal flowering
months with June being the month in which most species flower.
In every case the onset of flowering causes a lowering of
crude protein and ether extract content and an increase in crude
%
fibre and nitrogen free extractives. This lowering of quality
is most marked in the lower quality species ouch as Deschampsia
caespitosa and Hardus strricta.
Beschampsia caespitosa drops from 17.0$ to 10.5$ a drop of
6.5$ crude protein (2 year avge.) in the month of maximum flower¬
ing and the crude fibre increases from 22.05$ to 27.6$ an increase
of 5.55$. Nardus stricta drops 6.05$ in crude protein and
Increases by 4.4$ crude fibre. A better quality species such
as Holcus mollis shows only a slight decrease in crude protein
(2.2$) in the flowering month and decreases in fibre at this time
by 1.2$.
This drop in compositional quality at flowering, coupled
with the sharp decrease in digestibility at this time must severely
reduce the feeding value of the herbage.
Although the crude protein maximum and crude fibre minimum
occurred at the same period in both 1959 and 1960 (.March, April
and $ay) it can be seen by consulting Appendix 4 that the crude
protein percentage was in general higher in 1960. This difference
in composition does not apply to the crude fibre, oil or ash
components which show similar values at this period in both years.
Consideration of the weather data for these years (Appendix 1)
shows that the spring and summer of 1959 were drier than the
corresponding period in 1960. This resulted in reduced growth
and the production of more flowering tillers. The low rainfall
may therefore account for the lower crude protein and higher
crude fibre content in that year.
Individual species.
Agrostis tenuis:
This species flowers later than most of the grasses con¬
sidered and is the commonest constituent of heavily grazed
Agrostis-Festuca communities.
It is a nutrient-rich species at its peak in April, providing
an average crude protein content of 18.7$ with a crude fibre
content at this time of 23$. The oil and ash are also high
during this month.
During the months of December, January and February, however,
the crude protein and ether extract contents are lower than that
of species such as Holcus mollis, Anthoxanthum odoratum, Deschamp-
sia flexuosa and Festuca rubra. It has generally high dry matter
and over most of the year is one of the more useful members of
the flora.
Anthoxanthum odoratuia;
Anthoxanthum odoratum is similar in composition to Agrostls
tenuis. However in general it has a higher crude protein content
particularly during December and January and in April. At both
these periods Anthoxanthum odoratua has a lo er crude fibre content
however. The ether extract and ash content is lower than that
of Agrostis tenuis. This together with its early flowering date
reduces its value during the greater part of the year.
97.
Deschampsia caespitosa;
This species is little grazed by sheep, possibly due to its
high fibre content. For most of the year it has a higher crude
fibre content than any other species although in May it reaches
a low level of 29.05$ (two year average). The crude protein is
generally low, reaching a maximum in March of 19.75$. In spite
of this reasonably high maximum, because of its high fibre and
low oil content the species is not very useful for sheep.
Deschampsia flexuosa:
This species is not considered a useful grass. Certain
features do, however, commend it. It lias a consistently high
ether extract and a reasonably high crude protein content partic¬
ularly in Winter. Its minimum crude protein content in July is
10.05$ and its maximum in April is 8.05$. The high oil and protein
content in Winter together with its normally high dry matter
content (31.8$ average) increases the importance of this species





Together with Agrostis tenuis this is one of the main con¬
stituents of the productive Agrostis-Festuca swards.
The range of composition is lower than that of the other
species and in general it has a lower feeding value. The average
a
crude protein content varies from 9.4$ to 14.15$ i# dry matter
r»rtr>+,pnt of 28.9$ (average) with a correspondingly high fibre
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percentage. The ash content is below that of most of the species
analysed but the ether extract content is comparable with that of
all the other grasses. As a relatively late species it cannot
make a useful contribution to the sward in early spring.
Festuea rubra;
Although 168s frequent in the swards studied than Festuca
ovina, its quality is higher. At its peak, it has a crude protein
content of 20$ with a low fibre content, which is some 6,7$ higher
in crude protein than the previous species. The ether extract
and ash content is comparable to the better grasses although
below them. It has a dry matter content of 29.9$ average which
is a little above that of Festuca ovina but below Agrostis tenuis.
It has the disadvantage of lateness in the spring but. at flowering
the low number of seed heads may render it more palatable.
Holcus mollis:
Holcus mollis is of a uniformly high crude protein content
and in only two months of the year does it not possess the highest
percentage of this nutrient. The crude fibre is low throughout
the year and the ash content considerably above the remainder of
the grasses.
Because of the earliness of its growth in spring and its
winter greenness combined with low dry matter and high palstability,
Holcus mollis is a valuable sward constituent.
Hardua stricta:
TMo grass has a very poor qualitative analysis. The crude
protein is usually low and although it reaches its maximum of
17*5$ in March, it possesses a crude fibre of 25.25$ at this time
and reaches the very high level of 39*1$ in June. The ether
extract content at its highest level in May, is lower than the
lowest figure for any other species. Although tardus stricta
is often regarded as a mineral deficient species, this does not
show in the analysis given. Although it makes early growth,
its quality renders it of little value even in the early spring.
CKAPTSR 3
Fart 2
Flowering dates of the major hill species.
Introduction
Wilson (1886). Kellner (1915) and Woodman (1932) among
others have shown the importance of the flowering date on comp¬
ositional quality of herbage. Raymond (1960) has given data to
show that a considerable drop in digestibility occurs at ear
emergence.
For this reason data were required on the flowering dates
of the various species concerned in Part 1. The data were
collected on the sites sampled for chemical analysis and details
of botanical composition etc. are, therefore, given in Appendix 3
Method
A string knotted at random along its length of 15 feet was
used as a transect. The string was pinned at one point in the
community and the string stretched and pegged at its other end.
At every knot, the tillers inside an open ended quadrat; of 3 mm.
3 mm. were counted and their species determined. Observations
on their flowering condition were made. lour phases were noted:
1) Vegetative (no spikelet detected).
2) Spikelet formed in leaf sheath.
3) Spikelet emerged.
4) Post anthesis.
One hundred tillers of each species were recorded on each site
and the average percentage in the critical phases calculated.
There were no consistent differences between the sites either
in number of flowering tillers per hundred or in the time
of maximum flowering.
Results.
Tables 17 and 18 show the ^ of tillers with the spikelets
fully emerged on a series of dates in the years1959 and 1960.
Although the flowering pattern is basically similar in
both 1959 and 1960 there are certain differences. Flowering
is at a maximum in all the species in the months of May, June
and July but in 1959 the peak occurs somewhat later. For
example Rardus stricta reached its flowering peak in 1959 on
the 3rd June but in 1960 its peak occurred on the 12th June
some nine days later. All the species showed this pattern
except Agrostis tenuis. In 1959 also, all the species with
the exception of Agrostis tenuis show a higher proportion of
flowering to non-flowering tillers. The differences between
the two years was 5 - 10$.
The species with the most restricted flowering season are
Nardus stricta and Holcus mollis (both years) whereas Agrostis
tenuis has the least restricted flowering season in both years.
Climate is aost likely to have affected the flowering date
of the species in the two years and one difference is in the
rainfall. ^"eyer and Anderson (1955) suggest that water shortage
affects vegetative rather than reproductive differentiation.
It is suggested, therefore, that in 1959 owing to the lower
tainfall, reproductive or flowering shoots were produced at the
expense of the vegetative growth. Tills accounts for the earlier
date and larger number of seed heads.
TABLE 17
1959 OF TILLER3 WITH SPIKELST3 FULLY XMXRSED
Date Agrostis Anthoxanthum Deschaorpaia Deschampsia
tenuis odoratum caespitosa flexuosa
May 6th - 38.25 6.00
Kay 21st 4.00 46.50 6.00 6.00
June 3rd mm 32.00 - 52.00
June 15th 9.00 20.00 22.00 76.25
June 25th 10.25 13.25 18.00 73.00
July 3rd 19.50 3.25 11.25 65.25
July 11th 29.00 2.00 6.00 65.50
July 24th 30.25 tM* 4.50 20.75
July 31st 29.00 - 2.75 2.00
Aug. 6th 12.50 - mm mm
1960
Apr. 15th - 10,00 - -
Apr. 30th 5.00 35.00 - 9.00
May 18th 9.00 36.00 3.00 23.00
June 12th 20.00 38.00 8.25 51.00
June 19th 30.25 25.00 13.50 60.25
July 1st 30.50 16.75 23.00 57.50
July 12th 32.00 10.25 5.50 50.00
July 24th 31.25 7.50 4.25 36.50
Aug. 13th 10.25 - 5.00 3.25
Sep. 2nd 5.25 •
(EXCLUDING POST ANTHESIS STAGES) (Average of four sites)
Pestuca Pestuca Holeus Nardus
ovina rubra mollis stricta
6,00 - - 13.00
18.00 - 6.00 40.00
54.25 6.75 26.00 78.00
58.50 14.00 40.25 12.00
55.75 25.00 20.25 3.00
45.00 <\ 24.75 10.75 0.75
35.00 : 11.00 8.50 0.50
12.00 - 6.25 1.00
10.25 - 5.00
— » * 3.00
1.00 - ..X r 0 20.00
6.00 7.00 16.00 28.00
40.25 10.00 43.25 64.00
42.00 i 15.00 45.00 55.00
45.75 16.25 30.00 10.00
26.50 I 20.00 10.25 4.50




In any assessment of the value or otherwise of the hill
specie© a comparison should be made with comparable lowland
3pecies. In general, lowland spdcies might be expected to
have a superior analysis and there is some evidence that this
is so. There are, however, some data which show that during
the critical months of March and April some lowland grass
species are not superior in all constituents. In Chapter 3»
Part 1, hill species have been shown to vary in crude protein
from 8.0$ (Holcus mollis in August) to 21.55$ (Holcus mollis
in March), in crude fibre from 19.05$ (Holcus mollis in March)
to 39.1$ (Nardus stricta in January), in ash from 4.0$ (Bes-
champsia flexuosa in March) to 10.0$ (Holcus mollis in September),
in ether extract from 0.9$ (Nardus stricta in September) to
3.3$ (Deschampsia flexuosa in December), and in Fitrogen-free
extractives from 43.35$ (Anthoxanthum odoratum in July) to 67$
(Anthoxanthum odoratum in September). Pagan (1932) gives
analyses for species in a lowland "rough pasture" which had a
fertiliser treatment of 6 ewt, basic slag/acr© and 2 tone lime/
acre. Hoicue lanatus and Agrostie species were analysed and
it is shown that the Holcus lanatus varied in crude protein
from 4.55$ in July to 13.49$ on April 30th; crude fibre varied
from 22.94$ on April 30th to 32.7$ in July, and ether extract
varied from 7.26$ - 12.33$. The lowland species, therefore,
are superior only in the ash constituent.
An analysis of Italian ryegrass by Stapledon et al. (1924)
shows that in March the composition of this grass is only
i 05
superior to the better hill grasses in ash content.
The quality of the hill grasses analysed, therefore, is
comparable to some lowland grasses at a similar growth stage in
all constituents except ash. Only Hoi cue mollis approaches
the ash percentages quoted by these authorities for lowland
grass species.
The assessment of the most nutritious species analysed
depends upon the factor considered most important to the sheep^
Although a high crude protein and low crude fibre combined with
a high oil and ash content is desirable, these must occur
together and at a period of the year when most required. The
most critical period for the hill ewe is December to April -
the winter months and the months immediately preceding lambing.
It is surprising that all the hill grasses are high in quality
during this period and in particular the crude protein content
rises in December. Two species, Holcus mollis and Festuca
rubra are superior at this critical period. The rise in crude
protein at this period is of considerable interest and is poss¬
ibly the factor enabling the ewe to survive under the conditions
occurring on the hills. The cause of the rise was not invest¬
igated but may be due to translocation of food material from
the dying tillers and leaves.
The species lowest in feeding value are more difficult to
determine as some species are low in crude protein but also
low in crude fibre. Because of their low ash and ether extract
and high crude fibre, rather than their crude protein deficiency,
Nardus stricta and Deschampsia caespitosa are possibly of lowest
feeding value although both Festuca ovina and Deschampsia
flexuosa cannot be rated highly, at this critical period. The
analysis of dead herbage shows that it is inferior to green
herbage nutritionally. It has a uniformly low crude protein
content varying between 6.05# and 8.455* with a very high crude
fibre. The ether extract and ash content, however, is better
than certain of the green species. Uitrogen-free extractives
which are mostly soluble are lower in the leached dead material
than in the green. If a ewe therefore took in large amounts
of dead herbage either accidentally or deliberately, it would
considerably reduce its nutrient intake as in general the
difference between species when green is less than the differ¬
ence between dead herbage and green herbage. An assessment
of the amount of dead herbage taken in by the graaing sheep
would therefore provide useful infomation on their nutrient
intake.
The importance of flowering on the feeding value of the
grasses has been discussed and must, therefore, be considered.
ISone of the hill species considered were approaching maximum
flowering during the months of march and April (lambing and
ore-lambing months) and, therefore, the digestibility of all
the species is likely to be high at this time. During the
late spring/'summer period when in general the herbage quality
is low, the flowering pattern is of considerable importance
in ensuring a supply of digestible nutrients. The spread of
flowering between, for example, Anthoxanthum odoratum with a
peak in May and Agroatis tenuis with a peak in July ensures
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that, by varying the herbage species grazed, the sheep is able
to obtain the requisite digestible nutrients. Agrostie tenuis
has the valuable feature that its own flowering is spread over
a long period thus enabling material of high digestibility
to be obtained from one species throughout the summer. There
is no doubt that part of the traditional value of a hill with
mixed herbage is in the differences in digestibility and comp¬
osition of the various species caused by differential flowering.
This results in the spread of maximum nutritional value over
a longer period.
The dry matter figures given show much the same pattern
as those reported by Stapledon (19 24) • The dry matter is
highest in the summer, autumn and v/inter figures than in Spring
for all species, although variations do occur between species.
It is shown that the dry matter in the dry spring of 1959 is
higher in most species than in 1960 which confirms Stapledon's
observations. The correlation between high nutritive value
(in dry matter) and low dry matter occurs within species but
also between species; for example HoiCUB mollis has an average
dry matter of 22.8'/ whereas fTardus stricta has an average dry
matter of 38.5f. Dry matter content is likely to be more
important from the point of view of palatability or intake
rather than nutrient yield. Aa a preliminary to more esact
determinations of composition and digestibility the above
investigation provides at least comparative values for the
various species and hence the comparative value of the comm¬
unities dominated by them. Tn Chapter 5 an attempt has been
108
made to reproduce the qualitative intake of a grassing sheep
by a sampling method, thus adding to the value of the species
analysis.
109.
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CHAPTER 4
The grazing method, species selection and amount of dead
herbage consumed by free and tethered sheep.
Introduction
The preferences shown by individual sheep among the various
plant associations has been discussed In Chapter 1. It is of
interest, however, to determine the extent to which the sheep
selects species within the community since if there is a definite
species preference there will be a possibility of determining
the nutrient intake with accuracy. Observations were, therefore,
made on the species selected by four tethered sheep.
The main purpose of the observations however was to determine
the method and frequency of biting and the degrees of dead/green
selection practised. With this information it was possible to
produce a sampling method at least approaching the diet of the
grazing sheep on grassland of the types considered. The tethered
sheep provided the bulk of the information although free-ranging
sheep were studied on several occasions.
Review of the literature.
It has long been realised that the method of grazing and
the species grazed are essential factors affecting the nutritional
intake of sheep.
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Linton (1918) gives much valuable information on the grazing
of many hill species and discusses their palatability and import¬
ance at certain times of the year.
Stapledon (1947)* Grazier (1926) and Ellison (1948) all place
great emphasis on the importance of palatability when assessing
the nutritive value of plant species and imply that this is of
greater importance than chemical composition. stapledon as
well as Bllison report that the animal has an instinct to select
the most valuable species. Tribe & Gordon (1950) quote evidence
in contradiction of this and show that food preferences of an
animal are not a guide to the nutritional value of the food.
Davies (1925) also states that the selection of the most nutritious
herbage is largely accidental and probably related to low dry
matter rather than any chemical characteristic.
Attempts have been made by several authorities to determine
the palatability of hill species.
Hilton (1923) used a visual scale measuring the amount eaten
Tribe (1950) made direct observations of grazing sheep to
determine the species eaten and also suggests the use of oesoph¬
ageal fistula© to assist in determining the grazed species.
f.cheod (1955) and Norris (1943) have investigated the rumen
contents of slaughtered or rumen-fistulated animal s and yartin
(1953) used a method involving the identification of cuticle
remains in the faeces.
In order to reduce the difficulty of observing free ranging
sheep, certain authorities have investigated the use of tethered
sheep.
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Davies & Trumble (1934) used a light chain 53 ft. long
which allowed the animals 7-15 days grazing. The sheep
(Merinos) soon grazed normally but bruising of the herbage by the
chain caused some difficulty. Jones (1937) used a tether 12 ft.
long, moved 6 ft. twice daily to ensure uniform grazing. The
Welsh mountain sheep were trained to this tether in three or
four days. Armstrong & Thomas (1952) used Scottish blackface
wethers with a large leather collar attached to a 15 ft. tethering
rope. This was secured to an iron ring fitting over conduit
piping driven securely into the ground. This method of attach¬
ment reduced jamming of the rope. The wethers were tethered in
pairs and moved every five days.
Although palatability is relative and influenced by the
individual concerned, stage of growth, alternative food etc., it
has an important influence on the quantity consumed by the grazing
animal; Jones (1937)t Stapledon et al (1924) and Tribe & Gordon
(1950) support this view and conclude that palatability should
be assessed in any investigation into nutrient intake.
The quantity of dead herbage eaten by the sheep in winter
has not been reported. Stapledon & Davies (1926) and Davies (1925)
have, however, discussed the effect of winter 'burn' and the
quantity of dead leaves on the palatability of various species.
Davies suggested that utilisation of green material is reduced
by its relative inaccessibility when dispersed throughout a large
amount of dead material. Willoughby (1958) has shown that in a
pasture of green and dry components animal production is strongly
related to the amount of green material, expressed on a dry weight
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basis, and only slightly correlated to the total quantity of dry
matter present.
Experimental Method.
In order to overcome the difficulties involved in the long
range observation of sheep, four sheep were trained to graze
when tethered within a few feet of the observer.
The tether and methods used were basically those of Armstrong
& Thomas (1952? although in the first series of observations on
Cheviot wethers a halter of the type used for show sheep was used.
Two Cheviot wethers in their third winter were used in the
first observations in Winter 1958-59- The wethers were taken
from the hill and owing to their nervousness were f.rat penned
to allow preliminary taming. After about fourteen days the
wethers were tethered and observed. At no time, however, would
they permit very close observation and they were released after
a total of nine hours observations. They were observed for
several shorter periods and their grazing habits provided prelim¬
inary data on the subject. Cheviot wethers of this age are not
ideal subjects for tethering.
In Winter 1959-60 two yearling Scottish Blackface wethers
were used. These two were tethered immediately and were easily
observed. After four or five days their only reaction to the
observer was that they stood up on being approached. The two
animals were tethered close enough to share a common water supply
and entanglement did not occur. It was, however, neces.ary to
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visit them twice daily to prevent kinking of the tethering rope.
In both years the wethers were only observed in winter.
Observations were of two types.
1. Observations for a short period on each visit of up to
fifteen minutes duration together with observations when¬
ever sampling was taking place within sight of the tethering
area.
2. A longer period of watching for one hour upwards on the dates
given in Table 19.
TABLE 19
THE DATES AND PURATI OH OP OBSERVATIONS ON TETHERED
HILL WETHERS
Dates Duration of observation (hra)
1958 Cheviots A*M* P,M*
November 29th 1 2
December 2nd 1 1
December 18th 2 2
mi Scottish Blackface
November 15th 1 1
November 21st 21
December 9th 1 1
1960
January 5th 2












The sheep were tethered on a particular community for four days
and observations made on the fifth. Four communities were
considered:
1. Agrostis tenuis/Festuca ovina dominant.
2. Hardus striota dominant.
3. Pteridium aquilinium dominant.
4. Leachampsia f1exuosa/Festuca ovina dominant.
The sites chosen were those used in the analytical studies and
the site locations are therefore shown on Map I, p. 17, and
botanical details given in Appendix 3.
General observations were made on the grazing habits of the
wethers but particular attention was paid to:
1. Species grazed.
2. The frequency and pattern of biting.
3. Selection or rejection of dead material.
Information obtained by observing the tethered sheep was
supported by observations of free-grazing sheep. These were
observed on several dates by using binoculars of 10 magnifications
which had an engraved scale on the lens.
The estimation of the species grazed, although of less
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importance than the relative amounts of dead and green consumed,
is a useful guide to the nutritional level of the sheep. In
order to supplement visual observations, one hundred point
quadrats were taken in the grazed area and species recorded for




Grazing behaviour was observed on only three communities
owing to the intractability of the Cheviot wethers.
Agrostis tenuis-Festuca ovina dominant site.
This site was sheltered by a stone wall and well grazed by
sheep and cattle. At the time of the observations the herbage
was of a uniform height and medium/low percentage of dead
material•
Both wethers grazed over all the site in a normal manner,
walking and biting on each side of their path, occasionally
stopping and grazing more intensely in one small area. Appre-
ciably more grazing occurred at the periphery of the circle
allowed them. This was not always on the side furthest away
from the experimenter.
Both sheep were selecting individual bites and apoeared
to be selecting mainly on the greenest clumps. Because of the
uniformity of the herbage and its relative lack of dead material
individual tillers were not selected.
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Results of the point quadrats are given in Table 20 below.
TABLE 20
The number of hits per species in 100 random points
and the percentage of grazed points recorded immediately
—Miiii iBiinin —a————MMMi ii 3m III HI ii—■—»on i ■ i ■■ ■ ..I—m——M——mmmm—«.■——mh—a———mJmm
after grassing. (Site Number 5 )
Number of hits Number Percentage
Species per hundred points grazed ($) grazed
(green tillers only)
Agrostis tenuis 85 27 31.8
Pestuca ovina 55 19 34.5
Pestuca rubra 24 5 20.8
Anthoxanthum odoratum 34 18 52.9
Holcus mollis 29 15 51.7
Nardus stricta 12 6 50.0
Deschampsia flexuosa 5 1 20.0
Cynosurus cristatus 5 4 80.0
Various other grasses and herbs occurred on this site but
were not grazed and are omitted from the table.
In this community the Nardus stricta was relatively winter
green and for this reason was sought out and grazed. Cynosurus
cristatus was present and appears to be highly palatable on this
and other sites.
Nardus stricta dominant site (Site No. 8 )
This site was an exposed one and the wethers were never
happy on it. A very high proportion of the Nardus stricta was
1 18.
dead and no attempt was made by the wethers to eat the dead
v
tillers. Luzula sylvoVvccv. and Vaccinium myrtillis were
present in some quantity but the co-dominant grass wa3 Des-
champsia flexuosa. One of the wethers had access to a small
area containing Juncus 3quarrosus and Baschampsia flexuosa.
The grazing pattern on this site was very different from
that noted on the previous site. Both wethers were constantly
active, searching among the dead burned herbage for green
tillers. Deschampsia flexuosa and Vaccin<£um myrtillis were
well grazed and Luzula sylvaViux completely ignored. Although
the animal which had access to the Juncus squarrosus area spent
some time there, it grazed the associated grasses rather than
Juncus squarrosus.
Both the wethers avoided grazing the dead tillers and
leaves of Nardus stricta although inevitably some was consumed.
Although this site had a rather limited flora and hence
limited selection, point quadrats were recorded and the results
given in Table 21.
TABLE 21
The number of hits per species in 100 random points
and the percentage o
ately after grazing.
points recorded imrnedi-
(Site No. 8 )
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Other grasses and herbs occurred on this site but were
not grazed and are omitted from the table.
Pteridium aquilinum dominant site (Site Ho. 6 )
The grass layer on this site was dominated by Agrostis
tenuis and canina and Festuca ovina but both Poa pratensis
and Holcis mollis were abundant.
The herbage although 4-6 cms. high over most of the site
was very winter green and only Agrostis tenuis showed any amount
of dead material.
Both wethers settled down on the site very quickly and
spent less time grazing than on either of the other two sites.
Very little apparent selection occurred and grazing was
uniform over the available area. Since there was little dead
material on the site it was unnecessary for the wethers to
select. It is apparent fron the point quadrat results that
Agrostis tenuis was neglected, probably because of the larger
amount of dead it possesses.
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TABLE 22
The number of hits per species in 100 random points
ately after grazing. (Site So • 6 )







Agrostis spp. 55 12 21.8
Anthoxanthum o doratum 33 25 75.7
Festuca ovina 50 22 44
Holcus mollis 45 29 64.4
Poa pratensis 67 44 65.6
Carex spp. 20 7 35.0
Cynosurus cristatus 15 11 73.4
Other grasses and herbs occurred on this site but were not
grazed and are omitted from the table.
Results 1959 - 1960
The observations in 1959 and 1960 were made on a larger
number of sites and for a longer time.
The animals used were yearling Scottish Blackface wethers
which were tethered on eight sites, two of each of the main plant
communities.
Agrostis tenuis/Festuca ovina dominant sites (Sites 1 and 5 )
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Both sites used were similar in botanical composition,
exposure and vegetation height#
Grazing was in every way similar to that of the Cheviot
wethers in the previous year# They did not graze to any
apparent pattern but walked and grazed over the entire area
alloted to them. The bites taken were small and the vegetation
was grazed to within 1 cm. of the ground on average. (Vege¬
tation height before grazing was uniformly 3-4 cm.). Very
rarely were individual leaves or tillers selected although in
one small area of one site where clumps of Agrostis tenuis,
Pestuca ovina and Pe3tuca rubra occurred, the wethers were
observed to select single green leaves and small groups of
leaves.
The actual bite of the wether often tore up the dead leaf
base or whole tiller and when this occurred the animal invariably
rejected the dead portion.
Point quadrat results are given in Table 23. The figures
quoted are the averages of the two sites except where stated.
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TABLE 23
The number of hits per species in 100 random points
and the percentage of grazed points recorded immedia-
tely after grazing • (Site No,,1*5)







Agrostis tenuis 79 21 26.5
Festuca ovina 59 17 28.e
Festuca rubra 20 7 35
Anthoxanthum odoratum 40 27 67.5
Holcus mollis 35 20 57.1
Cynosurus cristatus 10 4 40
Nardus stricta 19 14 73.6
Poa pratensis 22 15 13.3
Leschampsia caespitosa 15 2 68.1
Other grasses and herbs occurred on this site but were
not grazed and are omitted from the table.
Deschampsia flexuoaa/Festuca ovina dominant sites.(Sites 7 & 10
These sites were not considered in 1959* The vegetation
height over most of both sites was only 1-2 cm. although both
sites had clumps of Nardus stricta within the grazing area of
20 - 25 cms. height.
On both sites the wethers appeared to have difficulty in
obtaining sufficient dry matter intake and spent a large part
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of the observed time grazing.
Selection was limited "by the accessibility of the
green shoots and lack of vegetation. Any green leaf pro¬
jecting above the general level was eaten. For this reason
the Nardus stricta clamps and their immediate vicinity
were grazed more than the rest of the available area. The
wethers spent a great deal of time in searching among the
dead leaves and leaf bases for green shoots of Kardus
stricta and Beschampsia flexuosa. They consistently re¬
jected dead leaf bases when the tearing action of the bite
pulled them up and although obviously short of food (and
losing weight) they were not observed to graze dead leaves
and certainly they never grazed the old shoots of Nardus
stricta. It is probable that they took "winter burned"
or dead material in the course of their foraging for green
shoots.
Point quadrat results show that the wethers grazed
most of the species equally. In view of the scarcity of
herbage this is an expected result.
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TABLE 24
The number of hits per species in 100 random points
and the percentage grazed points recorded immediately
after grazing* (Site No.7&10 )
Number of hits per
Species hundred points
(green tillers only) graz,t «ra2ed
Agrostis tenuis 42 26 61.9
Festuca ovina 65 35 55.4
Deschampsia flexuosa 71 43 60.5
Nardus stricta 33 22 66.6
Carex spp. 37 16 43.2
Luzula camp: estris 10 2 20.0
Fo: tentilla erecta 21 6 28.5
Other grasses and herbs occurred on this site but i
not grazed and are omitted from the table.
Pteridium aquilinum dominant community (Sites No. 2 & 6 )
As in 1958 this community provided a great deal of winter
green herbage which had been well grazed by the sheep occupying
the heft.
The Agrostis tenuis was not so "winter burned" as in 1958
and consequently was grazed at a higher intensity than in the
previous year.
The wethers spent less of the observed time grazing on
this community than the other three, which is an indication of
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the relative abundance of available herbage. Individual bites
were taken over the whole of the available area and selection
was not apparent other than the rejection of dead tillers etc.
pulled up when biting. Kejection or selection of a particular
area was governed by the lack of dead material rather than the
species it contained except in so far as certain soeeies are
less winter green than others.
TABUS 25
The number of hits per species in 100 random points
after grazing. (Site No.2 & 6 )







Agrostis spp. 46 21 45.7
Anthoxanthum odoratum 35 13 37.1
."Pestuca ovina 49 27 55.2
Holcus mollis 52 29 55.9
Poa pratensis 56 30 53.6
Carex spp. 16 3 18.7
Cynosur us cristatus 17 11 64.8
Other grasses and herbs occurred on this site but were not
grazed and are omitted from the table.
Nardus atricta dominant sites (Sites So. 8 and 12 )
The Scottish Blackface wethers were as restless on this
1 26.
site as were the Cheviots although conditions over the grazing
period were far worse. Both wethers had access to a Juncus
squarrosus area on one side and both spent longer grazing
this area than had the Cheviots. This was the only difference
in grazing behaviour noted.
It was noticed that the wethers rejected dead material
torn up by their bites, particularly the tough fibrous leaf
bases of No.rdus stricta. On many occasions they were seen
to have several such dead leaf bases in the back of their mouth
which they subsequently rejected. It was difficult to deter¬
mine whether or not this effect was accidental or a deliberate
attempt to sort dead herbage before ingestion.
Individual leaves of both ITardus stricta and the associated
grasses were selected and eaten, the wethers often selecting a
single green leaf projecting above the tussock and following
it down to its source until completely consumed. Most of the
grazing took place between and over the tops of Nardus stricta
tussocks however and most of their intake was from this area.
Point quadrat results in Table 26 below show some degree
of selection although the most important feature affecting the
grazing of this community was the great bulk of dead Nardus
stricta and the low availability of winter green herbage.
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TABLE 26
The number of hits per species in 100 random points
and the percentage grazed points recorded immediately
after grazing (Site No. 8 &12)
Number of hits per number PercentageSpecies hundred points * e * '
(green tillers only) grazed grazed.
Nardus stricta 29 13 44.9
Deschampsia flexuosa 63 46 73
«
Vaccinfcum myrtillis 20 14 70
Juncus squarrosus 17 12 70.6
Agrostis tenuis 22 9 40.9
Pestuca ovina 16 9 56.2
Other grasses and herbs occurred on this 3ite but were
not grazed and are omitted from the table.
Observations of untethered sheep.
Although observations recorded on the previous pages give
information on the biting method and selectiveness of the sheep
concerned, it was necessary to supplement this with observations
on normal grazing sheep.
Binoculars were used to determine whether Cheviot ewes had
any particular grazing or biting pattern apart from the community
preferences noted in Chapter 1. If any such pattern exists it
wil3 enable a herbage sample to be collected which will indicate
the nutritional level of the ewes.
A total of 24 ewes were observed for varying periods of up
I
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to one hour as they moved across different plant communities
and the following recorded:
1• General behaviour.
2. Frequency of biting.
3. Distance between bites.
4. Individual variations.
The observations on eight of the ewes are given in Diagram
20- page 129, The distances were estimated in sheep lengths
which were then converted into yards by assuming one sheep
length to be approximately one yard. It is not suggested
that these figures are anything but approximate, the most
important factor being the comparisons obtained.
CONCLUSIONS
The observations recorded on previous pages show that
different species are grazed at a different intensity. On
certain communities, however, the lack of herbage reduces the
degree of selection possible if the sheep is to maintain its
intake.
Selection appears to be governed by the greenness and
availability of the plant, Agrostis tenuis and Festuca ovina
show a lower degree of selection than do Holeus mollis and
Nardus stricta. Both Agrostis tenuis and Festuca ovina are
considerably less winter green than Holcus mollis or Nardus
stricta on the communities studied and are therefore rejected
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by the sheep. On sites number 8 and 12 however, the Nardus
strieta which contains a lot of dead herbage, is not grazed
well and the bulk of the diet is Beicharapsia flexuosa. Cynos-
urus cristatus and Anthoxanthum odoratum are both grazed at a
high intensity and are winter green.
The object of the observations was principally to determine
the amount of dead herbage consumed by the sheep. This visual
method cannot, however, give an accurate estimate of this although
useful information was obtained. Sheep attempt to reject dead
material, particularly when tough, such as the dead leaves and
leaf bases of Nardus stricta. In general both tethered and
free sheep were more selective on the Nardus stricta sites and
for this reason possibly ingested less dead material on these
communities than when grazing the better Agrostis/Pestuca
communities where each bite took in more herbage. Sheep there¬
fore probably take in least dead herbage when grazing the
Pteridium aquilinum dominant community which contains very
little dead herbage and most when grazing Agrostis-Pestuca
dominant communities which contain medium amounts of dead herbage.
When grazing Nardus stricta dominant communities sheep appear
to ingest less dead herbage because of their greater selectivity.
Both breeds of sheep had similar biting and grazing
techniques, the only detectable difference being that of the
Scottish Blackface which grazed JTuncus squarrosus more than
the Cheviots. This may, however, be a reflection of the
difference in weather conditions over the grazing period rather
than a true difference.
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Untethered sheep showed great individual variation in
their pattern of grazlxxg hut two general patterns emerged.
Sheep either grazed whilst walking slowly, the distances between
bites varying from below one yard to eight yards or they grazed
without moving, searching and selecting within range and then
moving some distance (usually over 10 yards) before grazing
again. The first method was usually employed when green
herbage was relatively plentiful such as on the Agrostle-Peatuca
sites or Pterdium aquilinura communities and the second when
grazing on the Fardus stricta communities. Ewes grazed the
different communities in a similar manner as the tethered
wethers, although several ewes completely rejected N.crdus
stricta areas, only commencing grazing immediately they had
crossed the community.
In general, therefore, hill sheep select their diet from
a wide range of communities, their selection being based on
winter greenness and availability. Although certain plant
communities are preferred, selection within the community
cannot be very great during the winter period. A sampling
technique based on greenness and availability should therefor©
give an approximate value to the nutrient content of the
grazing herbage. This technique is used in Chapter 5.
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An estimation of the diet of hill ewes
using a sampling method.
Introduction
Owing to the selection practised by the sheep, the chemical
analysis of herbage cut in the normal way, does not give a
reliable indication of the nutrients ingested by the sheep.
Although the digestibility cf the nutrients is another very
important source of error in determining the nutritional value
of winter herbage by a cutting and analytical technique, the
differential selectivity is of great importance. An attempt
was, therefore, made in Chapter 4 to investigate the degree of
selection practised and the factors affecting it, in order to
develop a technique of herbage sampling which approximates to
the diet of hill sheep. This method was only used in winter
when the degree of selection is low. The technique was
basically an attempt to fix the upper and lower limits of the
diet by imitating the grazing sheep as far as possible.
Experimental method.
In order to assess the value of each of the plant commun¬
ities to the sheep, sampling was carried out on several. In
the spring of 1950 three types of community were considered
on four different hefts. In autumn 1959 and spring 1960
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four types of community were sampled on three hefts.
Six inch quadrats were distributed oyer the sites chosen
(see Appendix 3 ). and the sampling carried out within thexn.
One pinch sample was selected within each quadrat, the basis
for selection being greenness and accessibility (i.e. similar
criteria to those believed used by sheep). Within the same
quadrat a random pinch sample of similar size was taken. The
samples were cut by scissors and bulked separately to give the
upper and lower limits of the diet.
The number of quadrats and samples were approximately
the same on each community, as approximately one hundred grams
of herbage were collected. The quadrats were distributed over
the communities in two ways. On the Pteridium aauilinum,
Agrostis-Festuca and Feschampsla flexuosa dominant communities
the quadrats were randomly distributed using random number
co-ordinates. On the Nardus stricta community, however, the
quadrats were grouped regularly around random points. The
different sampling methods reflect the different grazing
techniques adopted on these communities. When quadrats fell
on mainly dead tussocks of Jfardus stricta or other species,
green leaves were sought and sampled as sheep had been observed
to do. The hulk samples obtained in this way were stored in
polythene bags, dried and chemically analysed as in Chapter 3.
Results
The complete results are given in Appendix 6. Tables
27 to 3t) give the mean of three or four hefts (four in autumn
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and spring 1959) together with the mean difference between
selected and random samples.
The tables show that it is possible to fix the limits
of the diet with reasonable accuracy. The maximum difference
between the upper and lower limits is approximately 14$ and
occurs in the Crude protein figures, the lowest is 4$ in the
Nitrogen free extract (8.F.E.). Since a 14$ difference
represents only 1.4$ crude protein it can be seen that these
limits are usefully close.
The nutrient content of the sacrales from the four
communities reflect the nutrient content of the dominant
grass species, For example the Pteridiua aquilinum dominant
community shows the highest nutritional value and Hardus
striata the lowest. The dominant grasses in these communities
are Holcus mollis and Bar&u© atricta, pure samples of which
have the highest and lowest nutrient content respectively.
As may be expected, the nutritional value of the pinch samples
(selected) is lower than that of the pure species In almost
every case. This is a measure of the amount of dead herbage
contained in the pinch sample. The fact that the selected
pinch sample also contains species other than the dominant
will affect the nutrient content,
TABLE 27


















































































































3/2/60 5.4 5.4 5.8 5.8
V/3/lo] 6.0 5.9 6.1 6.5
Y/Y/lo]mean 6.3 5.8 6.0 5.6





























































It is unlikely that sheep consciously select dead material
or patches containing large amounts of dead (see Chapter 4) and,
therefore, a random pinch sample may be taken to represent the
lower limit of nutrient intake. The pinch sample was selected
using the same criteria as the sheep as far as our knowledge
of these criteria allows. It is, therefore, suggested that
the lower level is the minimum possible, but the upper level
may need modification as knowledge of the factors influencing
selection improves.
The figures In Tables 2^ to also show the possible
differences in the nutritive level of families of sheep grazing
different communities. The difference in crude protein content
of the selected samples varies between 18.(Pteridium aquilinum
dominant) and 13.1$ (Nordus strleta dominant). This difference
is repeated in the other constituents. Although the level of
protein may be perfectly adequate even on the Nardus stricta
dominant sites (no reliable figures are available on the nutri¬
tive requirements of hill sheep) it seems possible that the
differences noted may have some effect on the performance of
the ewes. The Inadequacy of the diet on better quality hill
grassland would therefore appear to be quantitative rather
than qualitative although the energy levels may be limiting
under certain conditions.
The conclusions must be that supplementary winter feeding
of hill ewes should be confined to high energy, high mineral
content in a palatable bulky food. Good hay should nrovide
the necessary requirements although for practical reasons
concentrates are often fed.
142.
CONCLUSIONS
The basic problem of hill farming is the efficient uti-
lisation of a semi-natural environment. The animal most
frequently used for this purpose is the sheep and it is with
sheep and their utilisation of hill pastures that this thesis
has been concerned. The heft is a complex ecosystem of
several sward types grazed at different intensities and pro¬
ducing varying amounts of animal nutrients. The factors
governing the grazing intensity and productivity of various
communities are not simply those inherent in the coramunity
although these are of some importance. Social factors resulting
in a non-random distribution of the sheep over the available
pasture have been demonstrated and the importance of the home
range of the ewes in determining the home range of the lamb
shown. This obviously has a considerable effect on the uti¬
lisation of the different communities particularly since up to
the present time no account lias been taken of the home range of
a ewe and lamb when selecting replacement breeding stock. This
has resulted in the selection of lambs from better environments
rather than lambs of possibly superior breeding merit. The
extent of the environmental difference cannot be accurately
determined but sufficient has been produced to show that it is
likely to be a very potent source and possibly the most import¬
ant source of variation in the flock.
The chief conclusion of this thesis must be that without
prior consideration of the complex factors governing the
grazing of hill pastures, improvement is blind and may only be
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of short term value. The Increased productivity of a hill
flock and of a hill sward is essentially an ecological problem
and should be treated so. The preliminary results in this




.onthly Climatoiogical Observations at Ciourhope
for the period August 195*6 to September 1960.
These observations, taken at an altitude of 900 ft. O.D.
close to the farm buildings (flap 1), give an approximation

















September 2*63 55.9 0 0 5.28
October 1.94 48.9 0 3 3.31
November 0.63 41.7 10 16 1.96
December 5.22 37.6 12 21 1.74
1959
January- 2.26 31.5 23 26 3.05
February 0.45 38.7 16 11 2,68
March 1.07 41.9 3 14 3.24
April 2.47 44.6 4 10 4.78
May- 0.74 50.4 3 3 7.04
June 2.55 55.3 0 0 6,16


















August 0.78 59.7 0 0 5.8
September 1.02 56.1 0 1 5.64
October 1.65 52.4 1 2 4.34
Hovember 7.29 42.7 5 9 1.79
December 6.13 38.7 6 16 0.65
1260
January 4.52 35.7 23 21 1.39
February 3.01 34.6 19 21 3.06
"arch 1.6 39.1 8 14 2.63
April 1.64 45.5 4 11 5.06
May 1.93 50.9 1 1 6.42
June 1.15 57.2 0 0 7.51
July 3.48 55.4 0 1 4.16
August 4.81 55.1 0 1 4.71
September 2.53 52.2 0 1 4.04
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APPENDIX 2.
The species lists given on the following pages are
typical of these communities on the G-airs heft, although no
attempt was made to characterise all the area of a particular
community on the heft. The list of vascular plants is as
complete as possible although the rarer species in a particular
community may well have been omitted. The mosses, liverworts
and lichens given, represent the commonest and most conspicious
members of these orders and no attempt was made to give a
complete list.

























A'"- /GTIS-FESTITOA ,- rassland.
Species Booln scale Species Pqmin scale
Agrostis canlm 3 Achillea millefolium 3
Agrostis tein.ils 7 Campanula rotundIfolia 2
Antlioxmithum odorattm 4 Gal Iran hereyicum 3
Peschainpsia caeepltosa 2 lotus coralculatus 2
Festuca ovina 8 Patentilla ereeta 3
Festuea rubra, 5 Pumex acetosa 3
Ilelietotrichon pubowcerts 3 frifoliuui repens 4
HoiCOS lonatus 4 Veronica chamaedrys 3
Kardus strlcta 2 Hylocomium splendens 5
Poa pratens is 2 Mnium undulatum 2
Carex caryophyllea 3 Pseudoscleropodlum purum 4
Carex pilulifera 2 Rhytidiadelphue squarr-
osus 5
lunula esmpestriB 3 Tbuidium tamariseinum 2
pgERIDIFTUH
Species Domln scale Species Doirtln scale
Pteridlum aquilinum 8 Carex caryophyllea
Agrostis canina 6 Campanula rotun&ifolia
Agrostis tenuis 6 Galium bercynicum
Anthoxanthura odoratua 4 Lathyrus montanus
Pestuea ovina 8 Potentilia ereeta
Holcus mollis 6 Viola spp.
Poa pratenais 7 Kylocoaium splendens
Poa trivialie 2 Ilypnum cupressiforme
I uzula campestris 2 Pleurozium schreberi





























Other species occur such as JTarthecium ossifragum
Calluna •vulgaris
Juncus squarrosus









Domin scale Species Domin scale
2 Eriophorum vaginaturn 8
4 Juncus squarrosus 4
2 Hylocomium 3plendens 4
2 Pleurozium schreberi 3
1 Sphagnum spp. 5
MOLINIA/JDNCUS/HEATHER community.
Species Domin scale Species Domin scale
Calluna vulgaris 7 Vaccinium myrtillis 1
Erica tetralix 5 Deschampsia flexuosa 1
Erica cinerea 5 Molinia caerulea 6






























The botanical details given in this appendix are of sites
used in Chapters 3» 4 and 5. Cover/abundance figures on the
Doain scale (Poors, 1955) were estimated on the sites (initially
point quadrats were used to check the accuracy of the estimates).
Site 1 - Park Law




Herbage length 6 - 8"
Sheep and cattle grazed
Species Poiain scale Species Domin s
Agrostis canina 3 Achillea millefolium 4
Agrostis tenuis 8 Campanula rotundifolia 2
Anthox&nthum odoratum 4 Galium hercynicum 4
Deochampsia caaspltosa Clumpswithin
Rumex acetoaa 1













Poa pratensis 3 Hylocomium splendens 3
Hoicus lanatus 3 Hypnum cupreaeiforme 2
Carex earyophyllea 3 Pseudoscleropodium purum 3
luzula caapestris 3 Rhytidiadelphus squarr-
5SHS 4
151.
Site 2 ~ Park Law.




Herbage length 4 - 6M (grass layer)
Sheep grassed
Species Domin scale Species Domin scale
Pteridium aquilimua 8 Conropodium majus 1
Agrostis canina 5 Galium hercynicum 4
Agrostis tenuis 8 Lathyrus montanus 1
Anthoxanthum odoratum 5 Potentilla erecta 4
Peschampsia caespitosa 4 Rumex acetosa 4
Festuea oviria 7 Stellaria graminea 1
Festuca rubra. 5 Trifolium repens 1
Hoicue mollis 5 Atrichium undulatum 1
Poa pratensis 4 Eurynchium praelongum? 3
luzula campestris 3 Hylocoraium spiendens 2
Garex pilulifera 2 Hypnum cupressifome 2
Cirsium arvense 1 Mnium undulatuin 1
















Species I)omin scale Species Domin i
Vaccinium myrtillus 1 Galium hercynicum 5
Agrostis tenuis 4 Potentilia ereeta 4
Anthoxanthum odoratum 2 Rumex aeetosa 2
Pe3champsia flexuosa 2 Dicranum scaparium 3
Pestuca ovina 7 Hyloeomium splendens 4
Kardus stricta 4 Ilypnum cupressiforme 4
Carex caryophyllea 1 Pleurozium schreberi 5
Carex pilulifera 2 Rhvtidiadelphus squarr-
osus 4
Luzula campestris 4
Site 4 - Park Law




Herbage length 6 - 8M
Sheep grazed
<33*
Species Domin seal <? Species Bomin scale
Calluna vulgaris 1 luzula multiflora 3
Vaccinium myrtillus 3 luzula sylvatica 3
Agrostis canina 3 Galium hereynicum 4
Anthoxanthum odoratusi 3 Potentilla erecta 4
Beachampsia flexuosa 6 Kylocomium eplendens 3
Festuca ovina 7 Bypnurn cupressiforme 5
Molinia caerulea 2 Plttgiothecium undulatum 3
Rardus stricta 8 KLeurozium schreberi 6





Site 5 - Halraey Law





























Site 5 - ilalrney Law (Continued)
Species Doialn scale Species Dorain sole
Achillea millefolium 3 Hylocomium splendens 4
Galium hercynicum 5 Hypnum cupressiforme 2
Potentilia ereeta 5 Polytrichum commune 2
Rumex acetosa 2 Pleurozium schreberi 4
Thymus drucefi 5 Rhytidiadelphus squarr-
osus 5





Herbage length 4-6" (grass layer)
Sheep and cattle grazed.
Species Domin scale Species Domin i
Pteridium aquillnuro 7 Carex pilulifera 3
Agrostis canina 3 Achillea millefolium 2
Agrostis tenuis 7 Anemone nemorosa 1
Anthoxanthurn odoratum 5 Campanula rotundifolia 1
Cynosurus eristatus 2 Galium hercynicum 6
leschampsia flexuosa 1 lathyrus pratensis 1
Pestuca ovina 8 Potentilla erecta 5
Flolcus mollis 6 Ranunculus repens 2
Poa pratensis 7 Viola sp. 3
Poa trivialis 2 Hylocomium splendens 3




Site 7 - Hairney Law





































Site 8 » Bairney Law










Site 8 - Haimey Law (Continued)
Species Domin scale Species Domin scale
Vaccinium myrtillus 4 Luzula campestris 3
Agrostis canina 5 Galiiua hercynieura 4
Agrostis tenuis 4 Lathyrus montanus 2
Anthoxanthum odoratum 3 Potentilla erecta 4
Deschampsia flexuosa 6 Ruraex acetosa 2
Pestuca ovina 7 Thymus drucei 1
Molinia caerulea 1 Campylopus flexuosa 1
Nardus stricta 8 Dicranum seoparium 2
Poa pratensis 3 Hylocomium splendens 4
Carex binervls 2 Hypnum cupressiforme 4
Carex caryophyllea 2 Pleurozium schreberi 5




Site 9 ■- Passett




Herbage length 6 - 12M
Sheep grassed
157.
S-peciea Domin scale Species Domin scale
Agrostis carina 7 Veronica serpyllifolia 1
Agrostis tenuis 7 Vicia sepium 1
Anthoxanthum odoratum 5 Conopodium rnajus 3
Deschampsia caespitosa 4 Rumex acetosa 2
Deschampsia flexuosa 3 Lathyrus montanus 3
Festuca ovina 9 Potentilia ereeta 4
Festuca rubra 4 Campanula rotundifolia 2
Holcus lanatus 4 Lathyrus pratensis 3
Holcus mollis 4 Galium hercynicum 4
Helictotrichon pubescens 3 Ranunculus acris 2
Helictotrichon pratense 3 Viola riviniana 2
Nardus stricta 5 Hylocomium splendens 5
Poa pratensis 3 Hypnum cupressiforme 5
Luzula campestris 3 Mnium undulatum 1
Carex panicea 2 Pleurozium schreberi 6





















Site 10 - Fassett (Continued)
Species Domin scale Species Doaiin i
Vaccinium myrtillus 1 Hieraciua pilosella 2
Agrostis canina 4 leontodon autumnalis 2
Agroatis tenuis 7 Potentilla erecta 4
Anthoxanthum odoratua 4 Rumex acetosa 4
Desehampsia flexuosa 7 Viola canina 4
Festuca ovina 8 Tliymus drucei 5
Hardus stricta Clumps Antennaria dloica 2
Sieglingia decumbens 2 Dicranum scoparium 1
luzula campeetris 2 Pleurozium schreberi 1
Carex pilullfera 4 Polytrichum jusJperinum 3
Campanula rotundifolia 3 Campylopus flexuosa 3
Galium hercynicum 5
































Site 11 - Passett (Continued)
Species Domln scale Species Boialn
Poa oratensis 4 Potentilla erecta 5
Poa trivialis 1 Hylocoraium splendens 2
Luzula campestris 3 Hypnura empressiforme 3
Carex pilulifera 2 Mniua undulatum 2
Galium hercynicum 4 Rhytidiadelphus squarr¬
osus 5
Lathyrus xaontanus 1









Herbage length 8 - 12*





























Site 13 - Pairs




Herbage length 2 - 8M
Sheep grazed.
Species Domin scale Species Domin i
Agrostis canina 2 Carex panicea 4
Agrostis tenuis 8 Juncus effusus 3
Anthoxanthum odoratum 5 Cerastium vulgatum 1
Cynosurus cristatus 3 Cirsium arvense 2
Deschampsia caespitosa 5 Cirsium palustre 3
Festuca ovina 6 Galium uliginosum 1
Festuca rubra 7 Lathyrus pratensis 3
Holcus lanatus 5 Lotus corniculatus 2
Helictotrichon pubescens 5 Potentilia ereeta 4
Nardus stricta 4 Primula vulgaris 2
Poa pratensis 6 Ranunculus acria 4
Poa trivialis 1 Ranunculus ficaria 4
Trisetum flavescens 2 Ranunculus repens 2
Cardamine pratensis 1 Rumex acetosa 2
Carex caryophyllea 2 Stellaria graminia 2
Carex flacca 3 Trifolium repens 4
luzula campestris 4 Veronica chamaedrys 1
Juncus articulatus 1 Vicia sepium 2
Carex nigra 3 Acroeladium cuspidatum 2
Carex ovalis 3 Hylocomium spendens 3




Site 14 - Gairs




Herbage length 8 — 10"
Sheep grazed.
Species lornin scale Species Bomin scale
Calluna vulgaris 2 Luzula sylvatica 3
Vaccinium myrtillus 2 Trichopherum eaespitosum 1
Agrostls canina 5 Galium hercynieum 4
Agrostis tenuis 5 Potentilla ereeta 4
Beschampsia flexuosa 7 HylocoMum spendens 3
Pestuca ovina 6 Hypnuis eupressifonne 5
Kardus stricta 9 Plagiothecium undulatum 3
Molinia caerulea 2 Fleurozium achreberi 6
Carex nigra 2 Polytrichum combine 2





Site 15 ~ Pairs




Herbage length 1 * 2"
162.



















































Domin scaleDomin scale Species
8 Peschampsia caespitosa clumps
4 Pescharapela flexuosa 4
5 Pestuca ovina 7
4 Pestuca rubra 3
163.


















lonthl.y analyses over two seasons,
of eight important hill grass species.
gey to Snectes Names,
At ... Agrostis tenuis
Ao »•. Ajithoxanthurn odoratum
Be ... I)ea champs ia caespitosa
Df ... Deschampsia flexuosa
Po ... Festuca ovina
Pr ... Festuea rubra
Ho ... Holcus mollis




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Analyses of Pinch Samples (Chapter 5)
from four Communities on three Hefts.











Random 8.4 9.5 10.1
Selected 7.4 5.7 5.0
Random 7.2 3.8 5.2
Selected 29.2 31.0 27.4
Random 32.2 29.5 27.3
Selected 2.4 2.2 2.6
Random 2.5 1.6 2.6
Selected 48.5 51.2 52.0




































































































































































































































































































































































































































Selected 10.4 12.7 10.2
Random 9.8 12.3 9.9
Selected 3.7 6.8 7.0
Handon: 4.2 6.6 6.6
Selected 31.0 34.5 30.2
Bandar* 32.7 36.0 31.6
Selected 1.5 1.6 2.4
Random 1.9 1.9 2.4
Selected 53-4 44.4 49.3










Selected 10.0 10.1 9.0
Random 10.0 9.8 8.6
Selected 2.6 4.1 5»3
Random 2.9 3*7 5.5
Selected 34*0 33*4 33*4
Random 5?*5 37*0 35*0
Selected 2.6 2.3 2.5
Random 2.6 2.1 2.4
Selected 50.8 50.1 49.8




































































































































































































































































































































































































































Gairs fark l^irneyLaw Law
i» Crude protein
Selected 14.0 12.4 13.0
Random 13*3 11.3 9.0
Selected 5.4 5.1 5.6
Random 5.1 4.3 6.0
Selected 30.0 30.4 30.1
Random 32.2 31*6 32.2
Selected 2.4 1.7 2.6
Random 2.2 1.6 2.4
Selected 48.2 50.4 48.7






Selected 13.1 11.8 10.8 8.9
Random 11.5 11.4 8.2 6.8
£ Ash
Selected 6.0 6.5 5.6 6.4
Random 6.1 6.9 6.2 6.6
Crude fibre
Selected 28.3 28.2 30.6 28.2
Random 28.8 33.7 31.5 32.8
f Oil
Selected 2.4 2.4 2.4 2.4
Random 2.4 2.5 2.4 2.4
^ H F B
Selected 50.2 51.1 50.6 54.1






















































































































































































































































Beschampsia flexuosa (lairs Passett Halrney Park^ 1 I-aw Law
# Crude protein
Selected 16.3 16.6 13.9 11.8
Random 14.0 13.6 11.4 9.5
f> Ash
Selected 5.5 6.2 5.7 5.2
Random 6.2 6.5 6.3 4.8
i» Crude fibre
Selected 26.3 26.1 28.3 30.0
Random 26.9 27.6 31.3 31.4
55 Oil
$> N .P »B *
Selected 2.4 2.7 2.1 2.5
Random 2.6 2.2 1.4 2.4
Selected 49.5 48.4 50.0 50.5




An attempt tc assess the amount of dead
material consumed by hill sheep in winter.
Introduction
In view of the difficulties involved in the visual
estimation of the quantity of dead material consumed by
sheep, an attempt was made to develop an objective rather
than a subjective method.
The most suitable method appeared to be the use of a
naturally occurring indicator or reference substance, the
presence of which is proportional to the amount of dead
(or green) material, which is indigestible and is recoverable
in the faeces.
This method is discussed here and not in the main body
of the thesis since the method did not prove very satisfactory
and without a great deal more accuracy would not yield useful
information
Review of literature.
Reid et al. (1950), Ellis, M"trone and Maynard (1946)
have discussed the use of lignin as an indigestible indicator
for digestibility determinations. Blaxter (1948) has also
184.
developed a double indicator technique using lignin as the
naturally occurring reference substance. As the lignin
content per unit dry weight is very much higher in dead
staterial than in green the possibility exists of using this
to establish a relationship between faecal lignin and the
quantity of dead material ingested.
'oehlbier (1919) and ' eid J.T. et al. (1050) consider the
possibility of using chlorophyll or a complex mixture of all
the plant pigments as a digestibility reference substance.
Held et al. report a simple technique employing the chramogens
absorbing light at 406 mji.
Although Cook and Harris (1951) and Davidson (1954) have
cast serious doubts on the existence of a single chromogenic
substance absorbing light at 406 m|i and show innaccuracies in
digestibility determinations of 3 - 7$# the chromogen method
could provide an easy method of roughly determining the quantity
of dead material ingested by sheep.
Method
In view of the ease of measurement of faecal pigmentation
this was the method finally chosen.
The investigation was divided into two parts, an initial
feeding experiment using dried grass in winter, and a second
feeding experiment in early spring. The range of the initial
feeding experiment was from 0$ - 100$ of dead and the range of
the second was from 45$ - 80$. The pigmentation of the dung
was measured in a standard way in each experiment, and complete
extraction was not attempted.
The dung from each animal was collected at 9*00 hours
and 17.00 hours before drying in a standard laboratory oven
at 100°C. The dung pellets were broken down before drying,
in order to ensure uniform temperatures at the centre of each
dung pellet.
When dry, the dung was ground using a pestle and mortar,
sub sampled and one graa accurately weighed into a 25 ml. beaker.
Twenty ml. of methyl alcohol were then added to extract the
fat soluble pigments. Extraction was continued for exactly
7 minutes and the mixture stirred twice and filtered. Five
ml. of the filtrate was diluted with its own volume of methyl
alcohol and the colour density compared with mire methyl alcohol
in an Eel absorbtiometer using the 5 mm. cell and number 601
filter (42-44mp) obtaining maximum deflection. In the second
experiment, however, five ml. were diluted with 10. ml. methyl
alcohol to bring the values within the scale.
Intial experiment.
This was carried out using grassxaeal cubes obtained in
the normal way from suppliers and extracted grass meal cubes
obtained from British Crop Briers I/fcd. These cubes consisted
of dried grass from which the majority of pigments had been
extracted and to which a small quantity of straw meal had
been added. The four rations fed were;
186
1. Normal dried grass 100$
2. Normal dried grass 75$
Extracted grass meal 25$
3. Normal dried grass 50$
Extracted grass meal 50$
4. Extracted grass meal 100$
These rations were fed at the rate of 4 pounds per day
split into two portions. This amount was eaten fairly readily
by most of the ewes, thereby reducing the chances of selection.
The ewes which were in lamb increased slightly in weight.
Although the ewes were bedded on sawdust to facilitate dung
collection, they attempted to chew the beading and the wooden
posts of the pen. This was prevented by substituting oat
straw and/or whole dried grass for part of the diet.
The experimental design was a double Latin square made
up as below:
Period
1 2 3 4
1,5 A B C D
2,6 B D A C
3,7 c A D B
4,8 L C B A
Two animals were alloted at random to each sequence and
the diets were alloted at random to the letters. In order
to prevent any possible residual effects four complete days




The results given in Table 31 show the $ light absorbtion




The dung extract solution density at various
levels of green dry matter content.
Sheep 100$ green 75$ green 50$ green 0$ green
number. matter matter matter matter.
1 90 54 27 8
5 92 58 35 12
2 92 66 25 7
6 98 74 33 12
3 95 36 34 12
7 83 52 26 10
4 96 64 32 12
8 100 75 38 10
Mean 93.2 59.8 31.8 10.3
The mean figure for solution density is plotted against
$ green material in Diagram 17 page 191 with a probable curve
drawn in.
A relationship appears to exist therefore between the
pigmentation of the diet and the pigmentation of the dung and
hence the pigmentation of the dung may be used to elucidate
the quantity of green (or dead) material consumed by the sheep.
188.
Second Experiment.
It was realised that the preliminary experiment was
unsatisfactory for two reasons. The dried and extracted
dried grass were not comparable with green and dried grass
available on the hill. This, together with the low number
of diets considered, gave little opportunity for establishing a
true relationship between dung pigmentation and diet.
The second experiment initially involved eight sheep
and tested eight levels of dead material in the diet. Owing
to the refusal by one sheep to eat anything when penned, seven
diets and seven sheep were finally used.
The diets were made up using dead herbage collected and
dried in winter and fresh herbage cut in the spring during the
feeding trial. The fresh material contained very little dead
material, but a sample of it was separated into dead and green
components each day and the quantity added to the diet modified
if necessary. The dry matter was also determined in order to
calculate the proportions required. All seven sheep were fed
on the same diet during each period to reduce labour and four
clear days were allowed between sampling. In order to reduce
selection the herbage was chopped in a conventional chaff
cutter.
Great difficulty was experienced in reducing the varia¬
bility between sheep. Two reqsons for this are suggested,
the presence of a diurnal fluctuation in the excretion of
pigment (in this investigation the afternoon samples were in¬
variably higher in pigmentation) and, in the higher dead
1
material diet3, an unwillingness to consume the diet.
In spite of the difficulties and variabilities encountered
it was considered useful to record them. The results are
given in Table 32 and the graph of solution density against
# green is given in Diagram 18. Dung was collected morning
and evening for two days and averaged,
TABLE 32
Solution density (dung extract) at various levels of
green matter content (on a dry matter basis).
Evening collection
# Green material
Sheep No. 55# 50# 40# 35# 30# 25# 20#
1 28 29 27 25 24 23 21
2 28.5 28 30 24.5 25 24 20
3 30 28 25 19 21 21 17
4 29 27 30 25 21 24 18
5 28 28 26 24 23 21 20
6 28.5 28 27 25 24.5 24 20
7 43.5 35.5 31 27 27.5 24.5 34.5
8 30.5 29 24 17.5 22,5 21.5 16.5





Sheep No. 55* 50* 40* 35* 30* 25* 20*
1 26 26 32 26 14.5 16 20
2 29 27.5 28 22 20.5 21 19
3 27 28.5 20 22.5 18.5 20.5 17
4 32 28 28 27 18 19 17.5
5 27 26 26.5 25 19 17 16
6 26 26 27 22.5 14.5 16 20
7 27 28.5 26 24.5 18.5 20.5 17
8 28.5 28 34 20 25 24 20
Hean 27.5 27.3 27.5 24.3 28.5 19 18.2
Mean of mornin# and evening.
55 50 40 35 30 25 20
29.2 28.1 27.5 23.8 21 20.5 19.1
CD
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Although the investigations reported above are not
conclusive and are only of an exploratory nature, they open
up Interesting prospects.
It appears that there is a relationship in sheep between
the pigmentation of the dung and that of the diet. This
relationship can be extended to an estimation of the qualitative
composition of the diet as it has been shown in Chapter 3
that the composition of dead herbage is constant and much lower
in feeding value than green herbage.
Further work on this relationship should provide a method
of determining the quality of the hill sheep*s diet. In the
absence of reliable digestibility and intake data this would
provide some standard for determining the level of supplementary
feeding required by hill ewes in winter.
194,
Part 2
Seasonal fluctuation in the -pigmentation of the
dung of hill sheep and an attempt to establish
a connection between dung pigmentation and territory.
Introduction.
In view of the difficulty experienced in establishing
an accurate relationship between dung pigmentation and the
quality of the food intake no attempt was made to apply the
method directly to determining the qualitative composition
of the diet.
It was considered useful, however, to investigate two
aspects of the sheep/pasture relationship by means of the
technique. It is likely that the quantity of dead material
ingested by the animal will vary in two ways, seasonally and
territorially, The Increase in dead material in winter will
cause the sheep to increase its intake of dead material invol¬
untarily and this should be reflected in a lower level of dung
pigmentation. Any change in herbage digestibility in winter
will tend to complicate this but it is hoped that gross diff¬
erences will be apparent. The change in pigmentation of the
available herbage was measured to provide an indication of
this. The amount of dead material ingested should also vary
with the communities grazed and hence with territory. A
measure was, therefore, made of dung pigmentation from groups




The fiairaey Law heft was used for this investigation.
Throughout one year from May 1959 - May 1960 the dung from
eight sheep was collected and individually examined in the
Eel absorbtiometer. Collections were made monthly in the
mornings; sheep being followed until defaecation took place.
There was no way of identifying the individual sheep on sub¬
sequent occasions. frying of the faeces and extraction of
pigments were carried out as described on rage185 but 5 ml.
of the filtrate were diluted with 15 ml. of methyl alcohol to
bring the readings on to the Eel scale.
To obtain a herbage sample for analysis ten six-inch
quadrats were cut on three sites (Pteridium, feschampsia flex-
iosa. and Agrastis/Pestuca dominant) and the herbage mixed,
halved anddried at 85 °C before grinding. Pigments were ex¬
tracted in a similar manner to the dung and 5 ml. of the filtrate
diluted with 15 ml. methyl alcohol.
Territorial differences.
Twenty grams of duhg of the selected sheep grazing the
Gairs heft was collected at dawn as the sheep were leaving their
resting place. It proved very easy to obtain the requisite
samples as the ewes invariably defaecated as they moved off.
The dung was dried and ground and extracted with methyl alcohol,
as previously described. Ho significant differences were
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detected when the colour density at Filter 601 was determined.
A mors exact method was therefore used involving the
determination of the optical density at 4l5mfi in a spectro¬
photometer using 85$ acetone as a blank. One gram, of the
faeces was extracted with 80 ml. 85$ aqueous acetope for 15
minutes using an M.S.12. honogeniser running at half sneed.
The sample was filtered by suction and washed three times with 50ml.
portions of acetone. The extract was then suitably diluted to
give an optical density of 0.3 to 0.4 at 4l5mu.
Results.
The results of the seasonal fluctuation investigation
are given in Tahle 33. A histogram showing the dung and
herbage pigmentation at monthly intervals is shown in Diagram
19.
The optical density at 415mp of twenty samples from two
areas on the Gairs and Dod are given in Table 34.
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TABIg 33
Solution density of extracts of duns and herbage at
monthly intervals over the year measured with filter
Ho, 301 5el abaorbtlometer.
Date Duns Ilerbase
■MMmmrnim mmmdmrnrnm mmmHmmmtmmmtmmmrn
Solution Density Solution density
(601 filter) (601 filter)
















Optical uena1ty at 4l5mu of extract from 1 gm. of
faeces taken froxa two groups of ewes grazing sep¬
arate territories.
Gairs Group Bod Group
306 0.366 238 0.562
573 0,321 897 0.518
857 0.321 847 0.541
838 0.435 115 0.475
585 0.359 845 0.488
644 0.485 833 0.530
858 0.626 * 0.506
513 0.465 • 0.580
896 0.528 * 0.551
856 0.495 * 0.629
Mean 0.538 0.440
* These were ewes which rested on the Dod and grazed with
the Bod group of sheep at least on the collection date. It
can he safely assumed that they are part of the normal popula¬
tion of the Bod.
There is a signific&nt difference between the means at
the 0.05 level.
199.
Pi ss en 8si on and conclusions.
Although the relationship between dung pigmentation and
diet quality is not accurate enough to detect small differences
it is able to detect gross diet differences. Such differences
obviously occur from month to month and are shown in Diagram '9 •
Diagram 19 shows several interesting points regarding the
winter diet of the ewe. It cafa be seen that dung pigmentation
and herbage pigmentation do not have the same pattern in the
early part of the experimental period although subsequently
there is broad agreement between the two. There are two
discrepancies: a secondary peak in dung pigmentation in
November, December and a steeper rise in March and April. It
is possible that the peak in November and December is caused by
the movement of sheep on to the bracken areas although normally
this would occur at an earlier date. The steep rise in spring
is a reflection of the greater opportunity for selection at
this time, permitting the inclusion in the diet of a higher
percentage of green herbage.
The pattern of dung pigmentation is therefore
1. A peak in April, May, June#
2. A relatively slow decline from July to
January complicated by secondary peaks
and troughs.
3.. A slow increase in February and March.
4. A steep rise in April.
Since it is sugested that dung pigmentation is related
directly to diet quality the above pattern enables some esti¬
mation of the quality of the diet and hence the type of supplement
reauired.
200.
Although sheep can select a high green-matter diet from
relatively low green-matter herbage their actual intake of
green herbage must be influenced to a very large extent by the
amount available. This implies that the intake of green is
influenced by the community grazed, since different communities
possess differing quantities of dead. It lias been shown that
this is the case and the difference in optical density at 415mp,
must indicate a difference in either intake or digestibility
of the herbage and must, therefore, result in the ewe obtaining
lower diet levels on certain communities. This emphasises
the important differences which territoriality and home range
can make to the diet of the individual ewe and families of ewes.
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